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Product Preview 

8-Bit Microcontroller Unit 

The MC68HC05C9 is an advanced 8-bit microcontroller unit (MCU) with highly sophisticated on- 
chip peripheral capabilities. It is similar to the MC68HC705C8 with some differences including 15720 
bytes of ROM and 352 bytes of RAM. 

The following are some of the hardware and software features of the MC68HC05C9. 

• HCMOS Technology 

• Power Saving STOP, WAIT, and Data Retention Modes 

• Fully Static Operation 

• 15720 Bytes of User ROM 

• 352 Bytes of RAM 

• 240 Bytes of Bootstrap ROM 

• 24 Bidirectional I/O Lines 

• 16-Timer Subsystem 

• Serial Communications Interface System (SCI) 

• Serial Peripheral Interface System (SPI) 

• Interrupts: External, Timer, SCI, and SPI 

• Master Reset and Power-On Reset 
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Technical Summary 

8-Bit Microcontroller Unit 



The MC68HC05L6 (HCMOS) microcontroller unit (MCU) is a member of the M68HC05 Family of 
microcontrollers. This high-performance, low-power MCU has parallel I/O capability with pins pro- 
grammable as input or output. This publication contains condensed information on the MCU; for 
more detailed information, contact your local Motorola sales office. 

The following block diagram depicts the hardware features; additional features available on the 
MCU are shown on page 2. 
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Hardware Features 

• HCMOS Technology 

• 8-Bit Architecture 

• Power-Saving Stop and Wait Modes 

• RAM and CPU Register Contents Valid at Vcc = 2.0 Volts (CPU Halted) 

• Independent Power Supplies (CPU - LCD) 3- to 6-Volt Operation 

• 176 Bytes of On-Chip RAM 

• 6208 Bytes of On-Chip ROM 

• 24 Bidirectional I/O Lines 

• 4.0 MHz Internal Operating Frequency at 5 Volts 

• Internal 16-Bit Timer Similar to MC6801 Timer 

• Serial Peripheral Interface System 

• Self-Check Mode 

• External, Timer, and Serial Peripheral Interface Interrupts 

• Master Reset and Power-On Reset 

• On-Chip Oscillator with RC or Crystal/Ceramic Resonator Mask Options 

• LCD 2/3, 1/3 V|_|_ Divider Circuitry Included 

• Tone Generator 

• 68-Pin Quad Package 

Software Features 

• Similar to MC6800 

• 8x8 Unsigned Multiply Instruction 

• Efficient Use of Program Space 

• Versatile Interrupt Handling 

• True Bit Manipulation 

• Indexed Addressing for Tables 

• Efficient Instruction Set 

• Memory Mapped I/O 

• Programmable LCD Driver Circuitry 

96 Pixels in x4 Mode 
72 Pixels in x3 Mode 

• Low-Cost Development Support with Evaluation Module 



SIGNAL DESCRIPTION 

The signal descriptions of the MCU are discussed in 
the following paragraphs. 

VDD. V|_L AND Vss 

Power is supplied to the microcontroller using these 
pins. Vqd is the positive supply for the processor, Vll is 
power for the LCD driver circuits, and Vss is ground. 

IRQ 

This pin is a programmable option that provides two 
different choices of interrupt triggering sensitivity. Refer 
to INTERRUPTS for more detail. 

OSC1, OSC2 

These pins provide control input for an on-chip clock 
oscillator circuit. A crystal, a ceramic resonator, a resistor/ 
capacitor combination, or an external signal connects to 



these pins providing a system clock. A mask option se- 
lects either a crystal/ceramic resonator or a resistor/ca- 
pacitor as the frequency determining element. The 
oscillator frequency is two times the internal bus rate. 

RC Oscillator 

With this option, a resistor is connected to the oscillator 
pins as shown in Figure 1(d). The relationship between 
R and f 0 sc ' s shown in Figure 2. 

Crystal 

The circuit shown in Figure Kb) is recommended when 
using a crystal. Using an external CMOS oscillator is rec- 
ommended when crystals outside the specified ranges 
are to be used. The crystal and components should be 
mounted as close as possible to the input pins to mini- 
mize output distortion and start-up stabilization time. Re- 
fer to ELECTRICAL SPECIFICATIONS for Vqd 
specifications. 
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CERAMIC RESONATOR 
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(d) RC OSCILLATOR CONNECTIONS 
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Figure 1. Oscillator Connections 
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Ceramic Resonator 

A ceramic resonator may be used in place of the crystal 
in cost-sensitive applications. The circuit in Figure Kb) is 
recommended when using a ceramic resonator. Figure 
1(a) lists the recommended capacitance and resistance 
values. The manufacturer of the resonator considered 
should be consulted for specific information on resonator 
operation. 

External Clock 

An external clock should be applied to the OSC1 input 
with the OSC2 input not connected, as shown in Figure 
1(e). This option may only be used with the crystal os- 
cillator mask option. 

INPUT CAPTURE (TCAP) 

This pin controls the input capture feature for the on- 
chip programmable timer. 

OUTPUT COMPARE (TCMP) 

This pin provides an output for the output compare 
feature of the on-chip timer. 



RESET 



This pin is used to reset the MC U and p rovide an or- 
derly start-up procedure by pulling RESET low. 

INPUT/OUTPUT PORTS (PA0-PA7, PB0-PB7, PC0-PC7) 

These 24 lines are arranged into three 8-bit ports (A, 
B, and C). These ports are programmable as either inputs 
or outputs under software control of the data direction 
registers. Refer to PROGRAMMING for additional infor- 
mation. 

FIXED INPUT PORT (PD0-PD3) 

These four lines comprise port D, a fixed input port. 
Any special functions that are enabled (SPI) affect this 
port. Refer to PROGRAMMING for additional information. 

BP1-BP4 

These four output lines provide the backplane drive 
signals to the liquid crystal display unit. 



INTERNAL 
MC68HC05LB 
CONNECTIONS 
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FP1-FP24 

These 24 output lines provide the frontplane drive sig- 
nals to the liquid crystal display unit. 

ALRT 

This pin provides the tone generator output signal. 

PROGRAMMING 

Input/output port programming, fixed input port pro- 
gramming, and serial port programming are discussed 
in the following paragraphs. 

INPUT/OUTPUT PORT PROGRAMMING 

Any port pin is programmable as either an input or an 
output under software control of the corresponding data 
direction register (DDR). Each port bit can be selected as 
output or input by writing the corresponding bit in the 
port DDR to a logic one for output and logic zero for input. 
On reset, all DDRs are initialized to logic zero to put the 
ports in the input mode. The port output registers are not 
initialized on reset but may be written to before setting 
the DDR bits to avoid undefined levels. 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Refer to 
Figure 3 for typical port circuitry and to Table 1 for a list 
of the I/O pin functions. 

Table 1. I/O Pin Functions 



R/W* 


DDR 


I/O Pin Functions 


0 


0 


The I/O pin is in input mode. Data is 
written into the output data latch. 


0 


1 


Data is written into the output data latch 
and output to the I/O pin. 


1 


0 


The state of the I/O pin is read 


1 


1 


The I/O pin is in an output mode. The 
output data latch is read. 



*R/W is an internal signal 






I/O 

PIN 



Figure 3. Typical Port I/O Circuit 
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FIXED INPUT PORT PROGRAMMING 

Port D is a fixed input port (PD0-PD3) that monitors the 
external pins whenever the SPI is disabled. After reset, 
all four bits become valid inputs because the special func- 
tion drivers are disabled. For example, with the SPI en- 
abled, PD0-PD3 inputs will read zero. With the SPI 
disabled, PD0-PD3 will read the state of the pin at the 
time of the read operation. 

NOTE 

Any unused inputs and I/O ports should be tied to 
an appropriate logic level (e.g., either Vqd or V SS)- 



MEMORY 

The MCU is capable of addressing 8192 bytes of mem- 
ory and I/O registers, as shown in Figure 4. The locations 
consist of user ROM, user RAM, self-check ROM, control 
registers, LCD drivers, and I/O. The user-defined reset and 
interrupt vectors are located from $1 FFO to $1 FFF. 

The shared stack area is used during processing of an 
interrupt or subroutine call to save the CPU state. The 
stack pointer decrements during pushes and increments 
during pulls. Refer to INTERRUPTS for additional infor- 
mation. 



SERIAL PORT (SPI) PROGRAMMING 

The SPI uses the port D pins for its functions. The SPI 
function requires four of the pins (PD0-PD3) for its serial 
data input/output (MISO), serial data output/input (MOSI), 
serial clock (SCK), and slave select (SS), respectively. 



NOTE 

Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. 
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Figure 4. Memory Map 
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REGISTERS 

The MCU contains the registers described in the fol- 
lowing paragraphs. 

ACCUMULATOR (A) 

The accumulator is a general-purpose 8-bit register used 
to hold operands and results of arithmetic calculations 
or data manipulations. 

7 0 

A 



INDEX REGISTER (X) 

The index register is an 8-bit register used for the in- 
dexed addressing mode. It contains an 8-bit value that 
may be added to an 8- or 16-bit immediate value to create 
an effective address. The index register may also be used 
as a temporary storage area. 

7 0 

X 



PROGRAM COUNTER (PC) 

The program counter is a 13-bit register that contains 
the address of the next byte to be fetched. 

12 0 

PC 



STACK POINTER (SP) 

The stack pointer is a 13-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set to location $00FF. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

When accessing memory, the seven most significant 
bits are permanently set to 000001 1 . These seven bits are 
appended to the six least significant register bits to pro- 
duce an address within the range of $00FF to $00C0. 
Subroutines and interrupts may use up to 64 (decimal) 
locations. If 64 locations are exceeded, the stack pointer 
wraps around and loses the previously stored informa- 
tion. A subroutine call occupies two locations on the stack; 
an interrupt uses five locations. 



12 










7 


0 


0 


0 


0 


0 


0 


1 


1 


SP 



CONDITION CODE REGISTER (CCR) 

The CCR is a 5-bit register in which four bits are used 
to indicate the results of the instruction just executed. 
These bits can be individually tested by a program, and 
specific actions can be taken as a result of their state. 
Each bit is explained in the following paragraphs. 
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Half Carry (H) 

This bit is set during ADD and ADC operations to in- 
dicate that a carry occurred between bits 3 and 4. 



Interrupt (I) 

When this bit is set, the timer and external interrupt is 
masked (disabled). If an interrupt occurs while this bit is 
set, the interrupt is latched and processed as soon as the 
interrupt bit is cleared. 

Negative (N) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative 
(bit 7 in the result is a logic one). 

Zero (Z) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 

Carry/Borrow (C) 

When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during 
bit test and branch instructions and during shifts and 
rotates. 



SELF-CHECK 

The self-check capability provides the ability to deter- 
mine if the device is functional. Self-check is performed 
using the circuit shown in Figure 5. Port C pins PC0-PC3 
are monitored for the self-check results. After reset, the 
following seven tests are performed automatically: 
I/O — Exercise of ports A, B, and C 
RAM — Counter test for each RAM byte 
ROM — Exclusive OR with odd ones parity result 
Timer — Tracks counter register and checks OCF flag 
Interrupts — Tests external, timer and SPI interrupts 
LCD — Displays the SC number 
SPI — Transmission test; checks SPIF, WCOL, and 
MODF flags 

Self-check results (using the LEDs as monitors) are 
shown in Table 2. The following subroutines are available 
to the user and do not require any external hardware. 

TIMER TEST SUBROUTINE 

This subroutine returns with the Z bit cleared if any 
error is detected; otherwise, the Z bit is set. The timer 
test subroutine is called at location S1FOE. The output 
compare register is first set to the current timer state. 
Because the timer is free running and has only a divide- 
by-four prescaler, each timer count cannot be tested. The 
test reads the timer once every 10 counts (40 cycles) and 
checks for correct counting. The test tracks the counter 
until the timer wraps around, triggering the output com- 
pare flag in the timer status register. RAM locations $0050 
and $0051 are overwritten. Upon return to the user's pro- 
gram, X = 40. If the test passed, A = 0. 
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Figure 5. Self-Check Circuit Schematic Diagram 



Table 2. Self-Check Results 
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All Others 


Bad Device, Bad Port C, etc. 



0 indicates LED is on; 1 indicates LED is off. 



ROM CHECKSUM SUBROUTINE 

This subroutine returns with the Z bit cleared if any 
error is detected; otherwise, the Z bit is set. The ROM 
checksum subroutine is called at location $1F7D with RAM 
location $0053 equal to $01 and A = 0. A short routine is 
set up and executed in RAM to compute a checksum of 
the entire ROM pattern. RAM locations $0050 through 
$0053 are overwritten. Upon return to the user's program, 
X = 0. If the test passed, A = 0. 



RESETS 

The MCU can be reset two ways: b y init ial pow er-up 
and by the external reset input (RESET). The RESET input 
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cons ists mainly of a Schmitt trigger that senses the RE- 
SET line logic level. 

POWER-ON RESET (POR) 

An internal reset is generated on power-up to allow 
the internal clock generator to stabilize. The power-on 
reset is strictly for power turn-on conditions and should 
not be used to detect a drop in the power supply voltage. 
There is a 4064 internal processor clock cycl e (t cvc ) delay 
after the oscillator becomes active. If the RESET pin is 
low at the end of 40 46 t C y C , the MCU will remain in the 
reset condition until RESET goes high. 

EXTERNAL RESET INPUT 

The MCU is reset when a logic zero is applied to the 
RESET input for a period of one and one-half machine 
cycles (t cyc ). 

INTERRUPTS 

The MCU can be interrupted four diff erent ways: the 
three maskable hardware interrupts (IRQ, SPI, and timer) 
and the nonmaskable software interrupt instruction (SWI). 

Interrupts cause the processor to save register contents 
on the stack and to set the interrupt mask (I bit) to prevent 
additional interrupts. The RTI instruction causes the reg- 
ister contents to be recovered from the stack and normal 
processing to resume. The stacking order is shown in 
Figure 6. 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted but are con- 
sidered pending until the current instruction is complete. 

NOTE 

The current instruction is the one already fetched 
and being operated on. 

When the current instruction is complete, the processor 
checks all pending hardware interrupts. If unmasked (I 
bit clear) and if the corresponding interrupt enable bit is 
set, the processor proceeds with interrupt processing; 
otherwise, the next instruction is fetched and executed. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex- 
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction, regardless of the 1-bit state. 



Refer to Figure 7 for the reset and interrupt instruction 
processing sequence. 

TIMER INTERRUPT 

There are three different timer interrupt flags that cause 
a timer interrupt whenever they are set and enabled. The 
interrupt flags are in the timer status register (TSR), and 
the enable bits are in the timer control register (TCR). 
Refer to TIMER for more information. 

EXTERNAL INTERRUPT 

If the interrupt mask bit (I bit) of the CCR is set, all 
interrupts are disabled. Clearing the I bit enables the ex- 
ternal interrupt. The external interrupt is internally syn- 
chronized and then latched on the falling edge of IRQ. 
The action of the external interrupt is identical to the timer 
interrup t wi th the exception that the interrupt request 
input at IRQ is latched internally and the service routine 
address is specified by the contents of $1 FFA and $1 FFB. 

Either a level-sensitive and edge-sensitive trigger, or 
an edge-sensitive-only trigger are available as a mask 
option. Figure 8 shows both a functional internal diagram 
and a mode timing diagram for the interrupt line. The 
timing diagram shows two treatments of the interrupt 
line to the processor. The first method shows a single 
pulse on the interrupt line spaced far enough apart to be 
serviced. The minimum time between pulses is a function 
of the length of the interrupt service. Once a pulse occurs, 
the next pulse should not occur until an RTI occurs. This 
time (t| |_| [_> is obtained by adding 21 instruction cycles to 
the total number of cycles it takes to complete the service 
routine (not including the RTI instruction). The second 
method shows many interrupt lines "wire-ORed" to form 
the interrupts at the processor. If the interrupt line re- 
mains low after servicing an interrupt, then the next in- 
terrupt is recognized. 

NOTE 

The internal interrupt latch is cleared in the first part 
of the interrupt service routine; therefore, one ex- 
ternal interrupt pulse could be latched and serviced 
as soon as the I bit is cleared. 

SOFTWARE INTERRUPT (SWI) 

The SWI is an executable instruction that is executed 
regardless of the state of the I bit in the CCR. If the I bit 
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Figure 6. Interrupt Stacking Order 
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Figure 7. Reset and Interrupt Processing Flowchart 
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Edge-Sensitive Trigger Condition 
The minimum pulse width (t||_|H) is either 
125 ns (V DD = 5 V) or 250 ns (V DD = 3 V). 
The period t| n |_ should not be less then 
the number of tcy C cycles it takes to 
execute the interrupt service routine plus 
21 tcy,. cycles. 

Level-Sensitive Trigger Condition 
If after servicing an interrupt the IRQ 
remains low, then the next interrupt is 
recognized. 



NORMALLY 
USED WITH 
WIRE-ORad 
CONNECTION 



(a) INTERRUPT MODE DIAGRAM 

Figure 8. External Interrupt 



is zero, SWI executes after the other interrupts. The SWI 
operation is similar to the hardware interrupts. The in- 
terrupt service routine address is specified by the con- 
tents of memory locations $1FFC and $1FFD. > 

SPI INTERRUPTS 

An interrupt in the SPI occurs when one of the interrupt 
flag bits in the serial peripheral status register is set, 
provided the I bit in the CCR is clear and the enable bit 
in the serial peripheral control register is set. Software 
in the serial peripheral interrupt service routine must de- 
termine the cause and priority of the SPI interrupt by 
examining the interrupt flag bits in the SPI status register. 

LOW-POWER MODES 

STOP 

The STOP instruction places the MCU in its lowest power 
consumption mode. In the STOP mode, the internal os- 



cillator is turned off, halting all internal processing in- 
cluding timer, LCD, and SPI operation (refer to Figure 9). 

During the STOP mode, the TCR bits are altered to 
remove any pending timer interrupt request and to dis- 
able any further timer interrupts. The timer prescaler is 
cleared. The I bit in the CCR is cleared to enable external 
interrupts. All other registers and memory remain unal- 
tered. All input/output lines remain unchanged. The pro- 
cessor can be brought out of the STOP mode only by an 
external interrupt or reset. 

SPI during Stop Mode 

When the MCU enters the STOP mode, the baud rate 
generator stops, terminating all master mode SPI oper- 
ations. If the STOP instruction is executed during an SPI 
transfer, that transfer halts until the MCU exits the STOP 
mode by a low signal on the IRQ pin. If reset is used to 
exit the STOP mode, then the SPI control and status bits 
are cleared, and the SPI is disabled. If the MCU is in the 
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slave mode when the STOP instruction is executed, the 
slave SPI continues to operate and can still accept data 
and clock information in addition to transmitting its own 
data back to a master device. 

At the end of a possible transmission with a slave SPI 
in the STOP mode, no flags are set until a low on the IRQ 
pin wakes up the MCU. Caution should be observed when 
operating the SPI as a slave during the STOP mode be- 
cause the protective circuitry (WCOL, MODF, etc.) is in- 
active. 

LCD during Stop Mode 

When the MCU enters the STOP mode, the LCD is dis- 
abled. The rate generator stops, the internal voltage gen- 
erator is shut down, and all LCD pins are pulled to VsS- 
All LCD data is retained. If the IRQ pin is used to exit the 
STOP mode, the LCD display can be re-enabled with a 
bit in the LCD address register. If a reset is used to exit 
the STOP mode, the LCD logic must be reconfigured be- 
fore it can be used. 



WAIT 

The WAIT instruction places the MCU in a low-power 
consumption mode, but the WAIT mode consumes more 
power than the STOP mode. All CPU action is suspended, 
but the timer, LCD, and SPI remain active (refer to Figure 
10). An interrupt from the timer, or SPI can cause the 
MCU to exit the WAIT mode. 

During the WAIT mode, the I bit in the CCR is cleared 
to enable interrupts. All other registers, memory, and 
input/output lines remain in their previous state. The timer 
may be enabled to allow a periodic exit from the WAIT 
mode. 

DATA RETENTION MODE 

The contents of RAM and CPU registers are retained 
at supply voltages as low as 2.0 Vdc. This is called the 
data retention mode where the data is held, but the device 
is not guaranteed to operate. The MCU should be in RESET 
during data retention mode. 
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Figure 9. STOP Function Flowchart 



TIMER 

The timer consists of a 16-bit, software-programmable 
counter driven by a fixed divide-by-four prescaler. This 
timer can be used for many purposes, including input 
waveform measurements while simultaneously gener- 
ating an output waveform. Pulse widths can vary from 
several microseconds to many seconds. Refer to Figure 
11 for a timer block diagram. 

Because the timer has a 16-bit architecture, each spe- 
cific functional segment (capability) is represented by two 
registers. These registers contain the high and low byte 
of that functional segment. Generally, accessing the low 
byte of a specific timer function allows full control of that 
function; however, an access of the high byte inhibits 
that specific timer function until the low byte is also ac- 
cessed. 

NOTE 

The I bit in the CCR should be set while manipu- 
lating both the high and low byte register of a spe- 
cific timer function to ensure that an interrupt does 
not occur. 

COUNTER 

The key element in the programmable timer is a 16- 
bit, free-running counter or counter register, preceded by 
a prescaler that divides the internal processor clock by 
four. The prescaler gives the timer a resolution of 2.0 
microseconds if the internal bus clock is 2.0 MHz. The 
counter is incremented during the low portion of the in- 
ternal bus clock. Software can read the counter at any 
time without affecting its value. 

The double-byte, free-running counter can be read from 
either of two locations, $18— $19 (counter register) or 
$1A-$1B (counter alternate register). A read from only 
the least significant byte (LSB) of the free-running counter 
($19, $1 B) receives the count value at the time of the read. 
If a read of the free-running counter or counter alternate 
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Figure 10. WAIT Function Flowchart 



register first addresses the most significant byte (MSB) 
($18, $1A), the LSB ($19, $1B) is transferred to a buffer. 
This buffer value remains fixed after the first MSB read, 
even if the user reads the MSB several times. This buffer 
is accessed when reading the free-running counter or 
counter alternate register LSB ($19 or $1B) and, thus, 
completes a read sequence of the total counter value. In 
reading either the free-running counter or counter alter- 
nate register, if the MSB is read, the LSB must also be 
read to complete the sequence. 

The counter alternate register differs from the counter 
register in one respect: a read of the counter register MSB 
can clear the timer overflow flag (TOF). Therefore, the 
counter alternate register can be read at any time without 
the possibility of missing timer overflow interrupts due 
to clearing of the TOF. 

The free-running counter is configured to $FFFC during 
reset and is always a read-only register. During a power- 
on reset, the counter is also preset to $FFFC and begins 



running after the oscillator start-up delay. Because the 
free-running counter is 16 bits preceded by a fixed divide- 
by-four prescaler, the value in the free-running counter 
repeats every 262,144 internal bus clock cycles. When the 
counter rolls over from $FFFF to $0000, the TOF bit is set. 
An interrupt can also be enabled when counter rollover 
occurs by setting its interrupt enable bit (TOIE). 

OUTPUT COMPARE REGISTER 

The 16-bit output compare register is made up of two 
8-bit registers at locations $16 (MSB) and $17 (LSB). The 
output compare register is used for several purposes, 
such as indicating when a period of time has elapsed. All 
bits are readable and writable and are not altered by the 
timer hardware or reset. If the compare function is not 
needed, the two bytes of the output compare register can 
be used as storage locations. 

The output compare register contents are compared 
with the contents of the free-running counter continually, 
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Figure 11. Timer Block Diagram 



and if a match is found, the corresponding output com- 
pare flag (OCF) bit is set and the corresponding output 
level (OLCL) bit is clocked to an output level register. The 
output compare register values and the output level bit 
should be changed after each successful comparison to 
establish a new elapsed timeout. An interrupt can also 
accompany a successful output compare provided the 
corresponding interrupt enable bit (OCIE) is set. 

After a processor write cycle to the output compare 
register containing the MSB ($16), the output compare 
function is inhibited until the LSB ($17) is also written. 
The user must write both bytes (locations) if the MSB is 
written first. A write made only to the LSB ($17) will not 
inhibit the compare function. The free-running counter is 
updated every four internal bus clock cycles. The mini- 
mum time required to update the output compare reg- 
ister is a function of the program rather than the internal 
hardware. 



The processor can write to either byte of the output 
compare register without affecting the other byte. The 
output level (OLVL) bit is clocked to the output level reg- 
ister regardless of whether the output compare flag (OCF) 
is set or clear. 

INPUT CAPTURE REGISTER 

Two 8-bit registers, which make up the 16-bit input 
capture register, are read-only and are used to latch the 
value of the free-running counter after the corresponding 
input capture edge detector senses a defined transition. 
The level transition which triggers the counter transfer is 
defined by the corresponding input edge bit (IEDG). Reset 
does not affect the contents of the input capture register. 

The result obtained by an input capture will be one 
more than the value of the free-running counter on the 
rising edge of the internal bus clock preceding the external 
transition. This delay is required for internal 
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synchronization. Resolution is one count of the free- 
running counter, which is four internal bus clock cycles. 

The free-running counter contents are transferred to 
the input capture register on each proper signal transition 
regardless of whether the input capture flag (ICF) is set 
or clear. The input capture register always contains the 
free-running counter value that corresponds to the most 
recent input capture. 

After a read of the input capture register ($14) MSB, 
the counter transfer is inhibited until the LSB ($1 5) is also 
read. This characteristic causes the time used in the input 
capture software routine and its interaction with the main 
program to determine the minimum pulse period. 

A read of the input capture register LSB ($15) does not 
inhibit the free-running counter transfer since they occur 
on opposite edges of the internal bus clock. 

TIMER CONTROL REGISTER (TCR) $12 

The TCR is a read/write register containing five control 
bits. Three bits control interrupts associated with the timer 
status register flags ICF, OCF, and TOF. 



7 


6 


5 


4 


3 


2 


1 


0 


ICIE 


OCIE 


TOIE 


0 


0 


0 


IEDG 


OLVL 


RESET: 
0 


0 


0 


0 


0 


0 


U 


0 



ICIE — Input Capture Interrupt Enable 
1 = Interrupt enabled 

0 = Interrupt disabled 

OCIE — Output Compare Interrupt Enable 

1 = Interrupt enabled 

0 = Interrupt disabled 

TOIE — Timer Overflow Interrupt Enable 

1 = Interrupt enabled 

0 = Interrupt disabled 
IEDG — Input Edge 

Value of input edge determines which level transition 
on TCAP pin will trigger free-running counter transfer 
to the input capture register 

1 = Positive edge 

0 = Negative edge 

Reset does not affect the IEDG bit (U = unaffected). 
OLVL — Output Level 
Value of output level is clocked into output level reg- 
ister by the next successful output compare and will 
appear on the TCMP pin 

1 = High output 
0 = Low output 

Bits 2, 3, and 4 — Not used 
Always read zero 

TIMER STATUS REGISTER (TSR) $13 

The TSR is a read-only register containing three status 
flag bits. 
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ICF — Input Capture Flag 

1 = Flag set when selected polarity edge is sensed by 
input capture edge detector 

0 = Flag cleared when TSR and input capture low reg- 

ister ($15) are accessed 
OCF — Output Compare Flag 

1 = Flag set when output compare register contents 

match the free-running counter contents 

0 = Flag cleared when TSR and output compare low 

register ($17) are accessed 
TOF — Timer Overflow Flag 

1 = Flag set when free-running counter transition from 

$FFFF to $0000 occurs 
0 = Flag cleared when TSR and counter low register 
($19) are accessed 
Bits 0-4 — Not used 
Always read zero 

Accessing the timer status register satisfies the first 
condition required to clear status bits. The remaining step 
is to access the register corresponding to the status bit. 

A problem can occur when using the timer overflow 
function and reading the free-running counter at random 
times to measure an elapsed time. Without incorporating 
the proper precautions into software, the timer overflow 
flag could unintentionally be cleared if: 

1) The timer status register is read or written when 
TOF is set, and 

2) The LSB of the free-running counter is read but not 
for the purpose of servicing the flag. 

The counter alternate register at address $1A and $1B 
contains the same value as the free-running counter (at 
address $18 and $19); therefore, this alternate register 
can be read at any time without affecting the timer ov- 
erflow flag in the timer status register. 

TIMER DURING WAIT MODE 

The CPU clock halts during the WAIT mode, but the 
timer remains active. An interrupt from the timer causes 
the processor to exit the WAIT mode. 

TIMER DURING STOP MODE 

In the STOP mode, the timer stops counting and holds 
the last count value if STOP is exited by an interrupt. If 
RESET is used, the counter is forced to $FFFC. During 
STOP, if at least one valid input capture edge occurs at 
the TCAP pin, the input capture detect circuit is armed. 
This does not set any timer flags nor wake up the MCU, 
but when the MCU does wake up, there is an active input 
capture flag and data from the first valid edge that oc- 
curred during the STOP mode. If RESET is used to exit 
STOP mode, then no input capture flag or data remains, 
even if a valid input capture edge occurred. 



LIQUID CRYSTAL DISPLAY DRIVER 
AND TONE GENERATOR 

This MCU contains liquid crystal driver (LCD) circuits 
and a tone generator. 
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LCD DRIVER 

Figure 12 is a functional block diagram of the LCD driver 
circuit. The LCD address selects one of the 12 LCD data 
latches which the processor can read or write. The LCD 
data register will contain the data that is in the addressed 
latch. The data can either be read by the processor, or 
new data can be written. 

The first write to the LCD address register sets the con- 
figuration register. This data must contain the following 
information: 

Fast charge on or off 

Selection of x3 or x4 multiplexing 

Selection of voltage generator 

Selection of crystal/LCD operating frequency ratio 
After the first write, the LCD address register retains only 
address information, and the configuration register is not 
modified. 

The LCD address register data is a binary number rang- 
ing from zero to eleven. A pointer associated with the 
address register selects the LCD data latch for each digit. 
As soon as a latch is selected, the data in that latch is 
available at the LCD data register ($08) for use by the 
processor. The LCD data latches are dual port, accessible 
from both the LCD data register and the scan logic. While 
the processor is reading or writing the LCD data register, 
the data in the addressed latch is also being read by the 
scan logic circuits. The circuits read the contents of the 
LCD data latches and move that data to the LCD driver 
circuit where the proper frontplane (FPx) and backplane 
(BPx) outputs are generated to select the desired pixels. 

Figure 13 is a map of the relationship of the individual 
backplane/frontplane pins to the individual LCD data latch 



bit positions. This is shown for x4 multiplexing, in x3 
multiplexing, each BP4 position is not available. 

Voltage Generator 

The voltage generator divides the LCD voltage (V|_|_) 
into the 2/3, 1/3 voltage components required by multi- 
plexed LCDs. These voltage levels are supplied to the 
driver circuits. This MCU has two voltage generators (high 
and low power) for use with large or small displays. Ad- 
ditional circuits supply even higher current for the fast- 
charge option. 

The fast-charge option is used to quickly charge the 
capacitance of very large displays by using an extra high- 
current voltage generator for a very short period after 
each backplane or frontplane signal edge. The voltage 
generator also contains additional supplies that are used 
for larger displays. The fast-charge option is available for 
both the high- and low-power voltage generators. 

Tone Generator 

The tone generator is a counter that uses the crystal 
frequency input to produce an audio frequency square 
wave at the ALRT pin. (The ratio between the processor 
clock frequency and the tone frequency is determined by 
a user mask option.) The controls for the tone generator 
are located in the LCD address register. Figure 14 is a 
simplified diagram of the tone generator. The crystal fre- 
quency table shown in Figure 14 provides a list of the 
tone output frequencies provided by some of the more 
common crystal frequencies and the four divider options 
available. 
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Figure 12. LCD Driver Circuits — Functional Block Diagram 
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Figure 13. Relationship of Backplane/Frontplane Pin to LCD Data Latch Bit 
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Figure 14. Tone Generator Simplified Diagram 



LCD Address Register $0009 

The LCD address register points to one of the twelve 
data latches. 
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LON — LCD Drivers On 

Writing a one to this bit turns on the LCD drivers. 

This bit always reads zero. 
LOF — LCD Drivers Off 

Writing a one to this bit turns off the LCD drivers. 

Reset also disables the LCD drivers. This bit always 

reads zero. 
TON — Tone Generator On 

Writing a one to this bit turns on the tone generator. 

This bit always reads zero. 
TOF — Tone Generator Off 

Writing a one to this bit turns off the tone generator. 

Reset also turns off the tone generator. This bit al- 
ways reads zero. 
AR3-AR0 — Address Register Select 

A binary number from zero to 1 1 written in these bits 

selects the data latch to be used. 

LCD Configuration Register $0009 

The LCD configuration register is available only for the 
first write after a reset at the same address as the LCD 
address register. 
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EFC — Enable Fast Charge 
1 = Fast charge enabled 
0 = Fast charge disabled 



x3 — Times 3 Multiplexing Mode 
1 =Times 3 multiplexing enabled 

0 = Times 4 multiplexing enabled 
VGN — Voltage Generator Select 

1 = High-current voltage generator selected 
0 = Low-current voltage generator selected 

FR4-FR0 — Operating Frequency Ratio 

A binary number in these bits selects the operating 
frequency ratio as shown in Table 3. 

LCD Data Register $0008 

The LCD data register accepts data from the processor 
that goes to the LCD data latch selected by the LCD ad- 
dress register. The LCD data register also contains the 
data present in the LCD data latch addressed by the LCD 
address register for reading by the processor. This reg- 
ister is initialized whenever a write to the LCD address 
register occurs. 

LCD Driver and Tone Generator During WAIT Mode 

The LCD driver circuits and tone generator are not af- 
fected by the WAIT instruction. 

LCD Driver and Tone Generator During STOP Mode 

The LCD driver circuits and tone generator are disabled 
by the STOP instruction. 

Determining Proper Levels for V|_L 

The V|_l supply, which is the operating voltage for LCD 
drive circuits, can range from 3 to 6 V, as required by the 
display in use. The MCU has internal level translators so 
that the LCD driver voltage (V|_|J is independent of the 
MCU operating voltage (Vqd)- Either voltage may be 
higher than the other. 

Figure 15 shows a circuit that can be used to determine 
the optimum V|_|_ level. The final design could use two 
fixed resistors in place of the potentiometer. 

Most LCD displays have a temperature coefficient of 
-8 mV/°C. A temperature compensated V|_l_ supply is 
shown in Figure 16. 

To determine which voltage generator to use and 
whether the fast-charge feature is needed, connect the 
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Table 3. Operating Frequency Ratio 
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Example: *60-Hz LCD with a 4-MHz crystal. 
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Figure 15. Test Circuit for Determining 
V|.l Drive Level 



Figure 16. Test Circuit for Incorporating Temperature 
Compensation in the V|_L Supply 



MCU and LCD as it will be in the final product (using the 
final printed circuit board, crystal, etc., if possible) and 
examine the LCD driver waveform with an oscilloscope 
and low-capacitance probe. Choose the combination that 
yields the best waveforms (least noise). 

Most displays can be driven with the fast charge dis- 
abled. Fast charge is usually required for only very large 
displays. 

LCD Software Examples 

The following software segments are examples of load- 
ing the registers to perform a total display change, to 
scroll left, and to scroll right. 



NOTE 

The parenthetical number in the comment column 
of the listing represents the number of machine 
cycles that it takes to execute the given line of code. 
This information is provided to assist you in deter- 
mining the time required to execute the examples. 

Seven-Segment Display Connections 

Figures 17 and 18 provide correlation between the 
frontplane and backplane outputs of the MCU and a typ- 
ical seven-segment LCD. Both the x3and x 4 multiplex- 
ing modes are covered. 



Total Display Change 

LDX #11 

LOOP STX ADDREG 

LDA DATA,X 

STA DATREG 
DEX 

BPL LOOP 
11 Bytes, 218 Cycles 



(2) Initialize the pointer 

(4) Point to the desired data register 
(4) Fetch the data 
(4) Store the data 

(3) Update the data pointer 
(3) Branch unless finished 
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Scroll Right 
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SEGMENT TRUTH TABLE* 
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*Since there is no standard for back- 
plane and frontplane connections on 
multiplexed displays, this truth table may 
be used for this example only. 
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Figure 17. Frontplane and Backplane Connections to a Multiplexed-by-Four Seven-Segment LCD 

(Includes Decimal Point) 



Multiplexed Segmented Display Waveforms 

Figure 19 shows examples of the waveforms generated 
by the LCD driver circuits for application to multiplexed 
displays. 



SERIAL PERIPHERAL INTERFACE 

The serial peripheral interface (SPI) is an interface built 
into the MCU which allows several MCUs or MCUs plus 
peripherals to be interconnected within the same black 
box. In the SPI format, the clock is not included in the 



data stream and must be furnished as a separate signal. 
An SPI system may consist of one master MCU and sev- 
eral slaves (Figure 20) or MCUs that can be either masters 
or slaves. 

Features: 

• Full-duplex, three-wire synchronous transfers 

• Master or slave operation 

• 1.05 MHz (maximum) master bit frequency 

• 2.1 MHz (maximum) slave bit frequency 

• Four programmable master bit rates 

• Programmable clock polarity and phase 
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SEGMENT TRUTH TABLE* 
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*Since there is no standard for backplane and front- 
plane connections on multiplexed displays, this truth 
table may be used for this example only 




Figure 18. Frontplane and Backplane Connections to a Multiplexed-by-Three Seven-Segment LCD 
(Includes Decimal Point and Annunciator) 



• End-of-transmission interrupt flag 

• Write collision flag protection 

• Master-master mode fault protection capability 

SIGNAL DESCRIPTION 

The four basic signals (MOSI, MISO, SCK, and SS) are 
described in the following paragraphs. Each signal func- 
tion is described for both master and slave mode. 

Master Out, Slave In 

The master out, slave in (MOSI) line is configured as 
an output in a master device and as an input in a slave 
device. The MOSI line is one of two lines that transfer 
serial data in one direction with the most significant bit 
sent first. 

Master In, Slave Out 

The master in, slave out (MISO) line is configured as 
an input in a master device and as an output in a slave 
device. The MISO is one of two lines that transfer serial 
data in one direction with the most significant bit sent 
first. The MISO line of a slave device is placed in a high- 
impedance state if slave is not selected (SS = 1). 

Serial Clock 

The serial clock (SCK) is used to synchronize both data 
in and out of a device via the MOSI and MISO lines. The 
master and slave devices can exchange a byte of infor- 
mation during a sequence of eight clock cycles. Since 
SCK is generated by the master device, this line becomes 
an input on a slave device. 

As shown in Figure 21, four possible timing relation- 
ships may be chosen by using control bits CPOL and 
CPHA in the serial peripheral control register (SPCR). Both 
master and slave devices must operate with the same 
timing. 



Two bits (SPRO and SPR1) in the SPCR of the master 
device select the clock rate. In a slave device, SPRO and 
SPR1 have no effect on SPI operation. 

Slave Select 

The slave select (SS) input line selects a slave device. 
The SS line must be low prior to data transactions and 
must stay low for the duration of the transaction. The SS 
line on the master must be tied high; if the SS line goes 
low, a mode fault error flag (MODF) is set in the serial 
peripheral status register (SPSR). 

When CPHA = 0, the shift clock is the OR of SS with 
SCK. In this clock phase mode, SS must go high between 
successive characters in an SPI message. When CPHA= 1, 
SS must go high between successive characters in an 
SPI message. When CPHA = 1, SS may be left low for 
several SPI characters. In cases where there is only one 
SPI slave MCU, the slave MCU SS line could be tied to 
Vss as l° n 9 as CPHA= 1 clock modes are used. 

FUNCTIONAL DESCRIPTION 

A block diagram of the SPI is shown in Figure 22. In a 
master configuration, the CPU sends a signal to the mas- 
ter start logic, which originates an SPI clock (SCK) based 
on the internal processor clock. As a master device, data 
is parallel loaded into the 8-bit shift register from the 
internal bus during a write cycle and then serially shifted 
via the MOSI pin to the slave devices. During a read cycle, 
data is applied serially from a slave device via the MISO 
pin to the 8-bit shift register. Data is then parallel trans- 
ferred to the read buffer and made available to the in- 
ternal data bus during a CPU read cycle. 

In a slave configuration, the slave start logic receives 
a logic low at the SS pin and a clock input at the SCK 
pin. This synchronizes the slave with the master. Data 
from the master is received serially at the slave MOSI pin 
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Figure 19. Multiplexed Segmented Display Waveforms (Sheet 1 of 2) 
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Figure 19. Multiplexed Segmented Display Waveforms (Sheet 2 of 2) 
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Figure 21. Data Clock Timing Diagram 
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Figure 22. SPI Block Diagram 
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and shifted into the 8-bit shift register for a parallel trans- 
fer to the read buffer. During a write cycle, data is parallel 
loaded into the 8-bit shift register from the internal data 
bus, awaiting the clocks from the master to shift out se- 
rially to the MISO pin and then to the master device. 

Figure 23 illustrates the MOSI, MISO, SCK, and SS 
master-slave interconnections. 

REGISTERS 

There are three registers in the SPI that provide control, 
status, and data storage functions. These registers, the 
serial peripheral control register (SPCR), serial peripheral 
status register (SPSR), and serial peripheral data I/O reg- 
ister (SPDR), are described in the following paragraphs. 

Serial Peripheral Control Register $0A 

The SPCR provides control of individual SPI functions 
such as interrupt and system enabling/disabling, master/ 
slave mode select, and clock polarity/phase/rate select. 
7 6 5 4 3 2 1 0 
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SPIE — Serial Peripheral Interrupt Enable 
1 = SPI interrupt enabled 

0 = SPI interrupt disabled 

SPE — Serial Peripheral System Enable 

1 = SPI system on 

0 = SPI system off 
MSTR — Master Mode Select 

1 = Master mode 

0 = Slave mode 
CPOL — Clock Polarity 

Clock polarity bit controls the clock value and is used 
in conjunction with the clock phase (CPHA) bit. 

1 = SCK line idles high 

0 = SCK line idles in low state 
CPHA — Clock Phase 

Clock phase bit along with CPOL controls the clock- 
data relationship between the master and slave de- 
vices. CPOL selects one of two clocking protocols. 

1 = SS is an output enable control. 



0 = Shift clock is the OR of SCK with SS. 

When SS is low, first edge of SCK invokes first 
data sample. 
SPRO, SPR1 — SPI Clock Rate Bits 
Two clock rate bits are used to select one of four clock 
rates to be used as SCK in the master mode. In the 
slave mode, the two clock rate bits have no effect. Clock 
rate selection is shown in the following table. 
Bit 5 - Not used 
Can read either one or zero 

SPI Clock Rate Selection 
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Serial Peripheral Status Register SOB 

The SPSR contains three status bits. 
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SPIF — Serial Peripheral Data Transfer Flag 

1 = Indicates data transfer completed between pro- 
cessor and external device. 
(If SPIF = 1 and SPIE = 1 , SPI interrupt is ena- 
bled.) 

0 = Clearing is accomplished by reading SPSR (with 

SPIF = 1 ) followed by SPDR access. 
WCOL — Write Collision 

1 = Indicates an attempt is made to write to SPDR 

while data transfer is in process. 

0 = Clearing is accomplished by reading SPSR (with 

WCOL = 1), followed by SPDR access. 
MODF — Mode Fault Flag 

1 = Indicates multi-master system control conflict. 
0 = Clearing is accomplished by reading SPSR (with 

MODF= 1), followed by a write to the SPCR. 



8 BIT SHIFT REGISTER 



SPI 

CLOCK GENERATOR 



MISO 



MOSI 



SCK 




Figure 23. SPI Master-Slave Interconnections 



MOTOROLA MICROPROCESSOR DATA 
3-964 



MC68HC05L6 



Bits 0-3, and 5 — Not used 
Can read either zero or one 

Serial Peripheral Data I/O Register $0C 

The SPDR is a read/write register used to receive and 
transmit SPI data. 



jump to subroutine (JSR) instructions have 
operand. Refer to the following instruction I 



no register 
ist. 



7 


6 


5 


4 


3 


2 


1 


0 


SPD7 


SPD6 


SPD5 


SPD4 


SPD3 


SPD2 


SPD1 


SPDO 


RESET 
U 


U 


U 


U 


U 


U 


U 


U 



A write to the SPDR places data directly into the shift 
register for transmission. Only a write to this register will 
initiate transmission/reception of another byte and will 
only occur in the master device. On completion of byte 
transmission, the SPIF status bit is set in both master and 
slave devices. 

A read to the SPDR causes the buffer to be read. The 
first SPIF status bit must be cleared by the time a second 
data transfer from the shift register to the read buffer 
begins, or an overrun condition will exist. In overrun cases, 
the byte causing the overrun is lost. 



INSTRUCTION SET 

The MCU has a set of 62 basic instructions. They can 
be divided into five different types: register/memory, read- 
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 

This MCU uses all the instructions available in the 
M146805 CMOS Family plus one more: the unsigned 
multiply (MUL) instruction. This instruction allows un- 
signed multiplication of the contents of the accumulator 
(A) and the index register (X). The high-order product is 
then stored in the index register, and the low-order prod- 
uct is stored in the accumulator. A detailed definition of 
the MUL instruction is shown below. 



Operation 


X:A X*A 


Description 


Multiplies the eight bits in the index register 
by the eight bits in the accumulator to obtain 
a 16-bit unsigned number in the concatenated 
accumulator and index register 


Condition 
Codes 


H: Cleared 
I. Not affected 
N. Not affected 
Z: Not affected 
C: Cleared 


Source 


MUL 


Form(s) 


Addressing 

Mode Cycles Bytes Opcode 
Inherent 11 1 $42 



REGISTER/MEMORY INSTRUCTIONS 

Most of these instructions use two operands. One op- 
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 



Function 


Mnemonic 


Load A from Memory 


LDA 


Load X from Memory 


LDX 


Store A in Memory 


STA 


Store X in Memory 


STX 


Add Memory to A 


ADD 


Add Memory and Carry to A 


ADC 


Subtract Memory 


SUB 


Subtract Memory from A with Borrow 


SBC 


AND Memory to A 


AND 


OR Memory with A 


ORA 


Exclusive OR Memory with A 


EOR 


Arithmetic Compare A with Memory 


CMP 


Arithmetic Compare X with Memory 


CPX 


Bit Test Memory with A (Logical Compare) 


BIT 


Jump Unconditional 


JMP 


Jump to Subroutine 


JSR 




READ-MODIFY-WRITE INSTRUCTIONS 

These instructions read a memory location or a reg- 
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 



Function 


Mnemonic 


Increment 


INC 


Decrement 


DEC 


Clear 


CLR 


Complement 


COM 


Negate (Twos Complement) 


NEG 


Rotate Left Thru Carry 


ROL 


Rotate Right Thru Carry 


ROR 


Logical Shift Left 


LSL 


Logical Shift Right 


LSR 


Arithmetic Shift Right 


ASR 


Test for Negative or Zero 


TST 


Multiply 


MUL 



BIT MANIPULATION INSTRUCTIONS 

The MCU is capable of setting or clearing any writable 
bit which resides in the first 256 bytes of the memory 
space where all port registers, port DDRs, timer, timer 
control, ROM, and on-chip RAM reside. An additional 
feature allows the software to test and branch on the state 
of any bit within these 256 locations. The bit set, bit clear 
and bit test, and branch functions are all implemented 
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with a single instruction. For test and branch instructions, 
the value of the bit tested is also placed in the carry bit 
of the condition code register. Refer to the following list 
for bit manipulation instructions. 



Function 


Mnemonic 


Branch if Bit n is Set 


BRSETn(n = 0...7) 


Branch if Bit n is Clear 


BRCLR n (n = 0 . . . 7) 


Set Bit n 


BSETn (n = 0...7) 


Clear Bit n 


BCLR n (n = 0 ... 7) 



BRANCH INSTRUCTIONS 

This set of instructions branches if a particular condi- 
tion is met; otherwise, no operation is performed. Branch 
instructions are two-byte instructions. Refer to the fol- 
lowing list for branch instructions. 



Function 


Mnemonic 


Branch Always 


BRA 


Branch Never 


BRN 


Branch if Higher 


BHI 


Branch if Lower or Same 


BLS 


Branch if Carry Clear 


BCC 


Branch if Higher or Same 


BHS 


Branch if Carry Set 


BCS 


Branch if Lower 


BLO 


Branch if Not Equal 


BNE 


Branch if Half Carry Clear 


BHCC 


Branch if Half Carry Set 


BHCS 


Branch if Plus 


BPL 


Branch if Minus 


BMI 


Branch if Interrupt Mask Bit is Clear 


BMC 


Branch if Interrupt Mask Bit is Set 


BMS 


Branch if Interrupt Line is Low 


BIL 


Branch if Interrupt Line is High 


BIH 


Branch to Subroutine 


BSR 


CONTROL INSTRUCTIONS 




These instructions are register reference instructions 
and are used to control processor operation during pro- 
gram execution. Refer to the following list for control 
instructions. 


Function 


Mnemonic 


Transfer A to X 


TAX 


Transfer X to A 


TXA 


Set Carry Bit 


SEC 


Clear Carry Bit 


CLC 


Set Interrupt Mask Bit 


SEI 


Clear Interrupt Mask Bit 


CLI 



Function 


Mnemonic 


Software Interrupt 


SWI 


Return from Subroutine 


RTS 


Return from Interrupt 


RTI 


Reset Stack Pointer 


RSP 


No-Operation 


NOP 


Stop 


STOP 


Wait 


WAIT 



OPCODE MAP SUMMARY 

Table 4 is an opcode map for the instructions used on 
the MCU. 



ADDRESSING MODES 

The MCU uses ten different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code con- 
version tables, and scaling tables anywhere in the mem- 
ory space. Short indexed accesses are single byte 
instructions; the longest instructions (three bytes) permit 
accessing tables throughout memory. Short and long ab- 
solute addressing is also included. One- or two-byte di- 
rect addressing instructions access all data bytes in most 
applications. Extended addressing permits jump instruc- 
tions to reach all memory. 

The term "effective address" (EA) is used in describing 
the various addressing modes. Effective address is de- 
fined as the address from which the argument for an 
instruction is fetched or stored. 

IMMEDIATE 

In the immediate addressing mode, the operand is con- 
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize a loop counter). 

DIRECT 

In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 

EXTENDED 

In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. When using 
the Motorola assembler, the user need not specify whether 
an instruction uses direct or extended addressing. The 
assembler automatically selects the shortest form of the 
instruction. 
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Table 4. Opcode Map 





Bit Manipulation 


Branch 


Read/Modify/Write 


Control 


Ragister/Mamory 




BTB 


BSC 


REL 


DIR 


INH 


INH 


1X1 


IX 


INH 


. INH 


IMM 


DIR 


EXT 


1X2 


1X1 


IX 


Hi 

Low 


0 


1 
0001 


2 
0010 


3 
0011 


4 

0100 


5 
0101 


6 

0110 


7 
0111 


8 
1000 


9 
1001 


A 

1010 


B 

1011 


C 
1100 


D 
1101 


E 
1110 


F 
1111 


Hi 

Low 


0 
0000 


5 

BRSETO 
3 BTB 


5 

BSETO 
2 BSC 


3 

BRA 
2 REL 


5 

NEG 
2 DIR 


3 

NEGA 

1 INH 


3 

NEGX 
1 INH 


6 

NEG 
2 1X1 


5 

NEG 
1 IX 


9 

RTI 

1 INH 




2 

SUB 
2 IMM 


3 

SUB 
2 DIR 


4 

SUB 
3 EXT 


5 

SUB 
3 1X2 


4 

SUB 

2 1X1 


3 

SUB 
1 IX 


0 
0000 


1 

0001 


5 

BRCLRO 
3 BTB 


5 

BCLRO 
2 BSC 


3 

BRN 

2 REL 












6 

RTS 
1 INH 




2 

CMP 
2 IMM 


3 

CMP 
2 DIR 


4 

CMP 
3 EXT 


5 

CMP 

3 1X2 


4 

CMP 
2 1X1 


3 

CMP 
1 IX 


1 

0001 


2 
0010 


S 

BRSET1 
3 BTB 


5 

BSET1 
2 BSC 


3 

BHI 
2 REL 




11 

MUL 
1 INH 












2 

SBC 
2 IMM 


3 

SBC 
2 DIR 


4 

SBC 
3 EXT 


S 

SBC 
3 1X2 


4 

SBC 
2 1X1 


3 

SBC 
1 IX 


2 
0010 


3 
0011 


5 

BRCLR1 
3 BTB 


5 

BCLR1 
2 BSC 


3 

BLS 
2 REL 


S 

COM 
2 DIR 


3 

COMA 
1 INH 


3 

COMX 
1 INH 


6 

COM 
2 1X1 


5 

COM 
1 IX 


10 

SWI 
1 INH 




2 

CPX 
2 IMM 


3 

CPX 
2 DIR 


4 

CPX 
3 EXT 


5 

CPX 
3 1X2 


4 

CPX 
2 1X1 


3 

CPX 
1 IX 


3 
0011 


4 

0100 


BRSET2 5 

3 BTB 


BSET2 5 
2 BSC 


3 

BCC 
2 REL 


5 

LSR 

2 DIR 


3 

LSRA 
1 INH 


LSRX 3 
1 INH 


6 

LSR 

2 1X1 


5 

LSR 
1 IX 






2 

AND 
2 IMM 


3 

AND 

2 DIR 


4 

ANO 

3 EXT 


AND 5 

3 1X2 


4 

AND 

2 1X1 


3 

AND 
1 IX 


4 

0100 


5 
0101 


5 

BRCLR2 
3 BTB 


5 

BCLR2 
2 BSC 


3 

BCS 
2 REL 
















2 

BIT 
2 IMM 


3 

BIT 
2 DIR 


4 

BIT 

3 EXT 


5 

BIT 

3 1X2 


4 

BIT 

2 1X1 


3 

BIT 

1 IX 


5 
0101 


6 
0110 


BRSETO 
3 BTB 


BSET3 
2 BSC 


3 

BNE 
2 REL 


5 

ROR 
2 DIR 


RORA 3 
1 INH 


3 

RORX 
1 INH 


6 

ROR 
2 1X1 


ROR 5 
1 IX 






2 

LDA 
2 IMM 


3 

LDA 
2 DIR 


LDA 4 

3 EXT 


S 

LDA 

3 1X2 


4 

LDA 
2 1X1 


3 

LDA 
1 IX 


6 
0110 


7 
0111 


BRCLR3 5 
3 BTB 


5 

BCLR3 
2 BSC 


3 

BEQ 
2 REL 


5 

ASR 
2 DIR 


3 

ASRA 
1 INH 


3 

ASRX 
1 INH 


6 

ASR 
2 1X1 


5 

ASR 
1 IX 




2 

TAX 
1 INH 




4 

STA 
2 DIR 


5 

STA 
3 EXT 


6 

STA 

3 1X2 


5 

STA 
2 1X1 


4 

STA 
1 IX 


7 
0111 


8 

1000 


5 

BRSET4 
3 BTB 


5 

8SET4 
2 BSC 


3 

BHCC 
2 REL 


5 

LSL 
2 DIR 


3 

LSLA 
1 INH 


3 

LSLX 
1 INH 


6 

LSL 
2 1X1 


5 

LSL 
1 IX 




2 

CLC 
1 INH 


2 

EOR 
2 IMM 


3 

EOR 
2 DIR 


4 

EOR 
3 EXT 


5 

EOR 

3 1X2 


EOR 4 

2 1X1 


3 

EOR 
1 IX 


8 

1000 


9 
1001 


S 

BRCLR4 
3 BTB 


5 

BCLR4 
2 BSC 


3 

BHCS 
2 REL 


5 

ROL 
2 DIR 


3 

ROLA 
1 INH 


3 

ROLX 
1 INH 


6 

ROL 
2 1X1 


5 

ROL 
1 IX 




2 

SEC 
1 INH 


2 

ADC 
2 IMM 


3 

ADC 
2 DIR 


4 

ADC 
3 EXT 


5 

ADC 
3 1X2 


4 

ADC 

2 1X1 


3 

ADC 
1 IX 


9 
1001 


A 

1010 


S 

BRSET5 
3 BTB 


BSET5 5 
2 BSC 


3 

BPL 
2 REL 


5 

DEC 
2 DIR 


3 

DECA 
1 INH 


3 

DECX 
1 INH 


6 

DEC 

2 1X1 


5 

DEC 

1 IX 




2 

CLI 
1 INH 


2 

ORA 
2 IMM 


3 

ORA 

2 DIR 


4 

ORA 

3 EXT 


5 

ORA 

3 1X2 


4 

ORA 
2 1X1 


3 

ORA 

1 IX 


A 
1010 


B 

1011 


S 

BRCLR5 
3 BTB 


5 

BCLR5 
2 BSC 


3 

BMI 

2 REL 














2 

SEI 

1 INH 


ADO 

2 IMM 


3 

ADD 

2 DIR 


ADD 

3 EXT 


5 

ADD 
3 1X2 


4 

ADD 

2 1X1 


3 

ADD 

1 IX 


B 
1011 


c 

1100 


BRSET6 5 
3 BTB 


BSET6 5 
2 BSC 


3 

BMC 
2 REL 


5 

INC 
2 DIR 


3 

INCA 
1 INH 


INCX 
1 INH 


6 

INC 
2 1X1 


5 

INC 
1 IX 




2 

RSP 

1 INH 




2 

JMP 
2 DIR 


3 

JMP 

3 EXT 


4 

JMP 
3 1X2 


3 

JMP 

2 1X1 


2 

JMP 
1 IX 


C 
1100 


0 

1101 


5 

BRCLR6 
3 BTB 


BCLR6 5 
2 BSC 


3 

BMS 
2 REL 


4 

TST 
2 DIR 


3 

TSTA 

1 INH 


3 

TSTX 
1 INH 


5 

TST 
2 1X1 


4 

TST 
1 IX 




2 

NOP 
1 INH 


6 

BSR 
2 REL 


5 

JSR 
2 DIR 


6 

JSR 
3 EXT 


7 

JSR 
3 1X2 


6 

JSR 
2 1X1 


5 

JSR 
1 IX 


D 
1101 


E 
1110 


5 

BRSET7 
3 BTB 


5 

BSET7 
2 BSC 


3 

BIL 
2 REL 












2 

STOP 
1 INH 




2 

LDX 
2 IMM 


3 

LDX 
2 DIR 


4 

LDX 
3 EXT 


5 

LDX 
3 1X2 


4 

LDX 
2 1X1 


3 

LDX 

1 . IX 


E 
1110 


5 

1111 


BRCLR7 5 
3 BTB 


BCLR7 5 
2 BSC 


3 

BIH 
2 REL 


5 

CLR 
2 DIR 


CLRA 
1 INH 


3 

CLRX 
1 INH 


6 

CLR 
2 1X1 


6 

CLR 
1 IX 


2 

WAIT 
1 INH 


2 

TXA 
1 INH 




4 

STX 
2 DIR 


5 

STX 
3 EXT 


6 

STX 

3 1X2 


5 

STX 
2 1X1 


4 

STX 

1 IX 


F 
1111 



Abbreviations for Address Modes 

INH Inherent 
A Accumulator 
X Index Register 
IMM Immediate 
DIR Direct 

Extended 
Relative 
BSC Bit Set/Clear 
BTB Bit Test and Branch 
IX Indexed (No Offset) 
1X1 Indexed, 1 Byte (8-Bit) Offset 
1X2 Indexed. 2 Byte (16-Bit) Offset 



EXT 
REL 



Legend 




Cycles 



Opcode in Hexadecimal 



Opcode in Binary 
Address Mode 



O 
cn 

CO 
X 
O 
o 
cn 
r— 

CD 



CO 
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RELATIVE 

The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8- 
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from - 126 to +129 from 
the opcode address. The programmer need not calculate 
the offset when using the Motorola assembler, since it 
calculates the proper offset and checks to see that it is 
within the span of the branch. 

INDEXED, NO OFFSET 

In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. This addressing mode can access the first 256 
memory locations. These instructions are only one byte 
long. This mode is often used to move a pointer through 
a table or to hold the address of a frequently referenced 
RAM or I/O location. 

INDEXED, 8-BIT OFFSET 

In the indexed, 8-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address- 
able locations and could extend as far as location 510 
($1 FE is the last location at which the instruction may 
begin). 

INDEXED, 16-BIT OFFSET 

In the indexed, 16-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 



the opcode. This address mode can be used in a manner 
similar to indexed, 8-bit offset except that this three-byte 
instruction allows tables to be anywhere in memory. As 
with direct and extended addressing, the Motorola as- 
sembler determines the shortest form of indexed ad- 
dressing. 

BIT SET/CLEAR 

In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode, and the byte following 
the opcode specifies the direct addressing of the byte in 
which the specified bit is to be set or cleared. Any read/ 
write bit in the first 256 locations of memory, including 
I/O, can be selectively set or cleared with a single two- 
byte instruction. 

BIT TEST AND BRANCH 

The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 
bit that is to be tested and its condition (set or clear), is 
included in the opcode. The address of the byte to be 
tested is in the single byte immediately following the 
opcode byte. The signed relative 8-bit offset in the third 
byte is added to the PC if the specified bit is set or cleared 
in the specified memory location. This single three-byte 
instruction allows the program to branch based on the 
condition of any readable bit in the first 256 locations of 
memory. The span of branching is from - 125 to +130 
from the opcode address. The state of the tested bit is 
also transferred to the carry bit of the condition code 
register. 

INHERENT 

In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in- 
structions are one byte long. 



ELECTRICAL SPECIFICATIONS 
MAXIMUM RATINGS (Voltages referenced to Vss) 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


vdd 


-0.3 to +7 0 


V 


Input Voltage 


V,n 


V S S -0.3 to 

v D d +03 


V 


Self-Check Mode (IRQ Pin Only) 


V,n 


Vss -0.3 t0 
2xVdd + ° 3 


V 


Current Drain Per Pin Excluding 

Vdd and Vss 


I 


25 


mA 


Operating Temperature Range 
MC68HC05L6 


T A 


T L to T H 

0 to +70 


°C 


Storage Temperature Range 


T stq 


-65 to +150 


°c 


THERMAL CHARACTERISTICS 


Characteristic 


Symbol 


Value 


Unit 


Thermal Resistance 

Plastic Leaded Chip Carrier (PLCC) 


OJA 


70 


°c/w 



This device contains circuitry to protect the in- 
puts against damage due to high static voltages 
or electric fields; however, it is advised that nor- 
mal precautions be taken to avoid application of 
any voltage higher than maximum-rated voltages 
to this high-impedance circuit. For proper oper- 
ation, it is recommended that V m and V ou t be 
constrained to the range Vss s (Vm or Vout) s 
Vdd- Reliability of operation is enhanced if un- 
used inputs are connected to an appropriate logic 
voltage level (e g., either Vss or V DD) 
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POWER CONSIDERATIONS 

The average chip-junction temperature, Tj, in °C can 
be obtained from: 



Tj = T A +(P D -ejA) (D 



where: 




T A 


= Ambient Temperature, °C 


<>JA 


= Package Thermal Resistance, 


Junction-to-Ambient, °C/W 


PD 


= P|NT + P|/0 


Pint 


= Iqc x Vcrj, Watts — Chip Internal Power 


P|/0 


= Power Dissipation on Input and Output 



Pins — User Determined 



For most applications P|/o < P|NT ana " can ^ e neglected. 

The following is an approximate relationship between 
PD and Tj (if P\/q is neglected): 

P D = K-(Tj + 273°C) < 2 ' 

Solving equations (1) and (2) for K gives: 

K = P d -(T a + 273°C) + 6ja-PD 2 (3) 
where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring Pq 
(at equilibrium) for a known T A . Using this value of K, 
the values of Pq and Tj can be obtained by solving equa- 
tions (1) and (2) iteratively for any value of T A . 



DC ELECTRICAL CHARACTERISTICS 

(Vdd = 5.0 Vdc±10%, Vgs = 0 Vdc, T/\ = T(_ to T|-|, unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Output Voltage, iLoad 5 ' 10 0 M-A 


vol 

Vnu 
v OH 


Vnrv-0 1 




0.1 


V 


Output High Voltage 
dLoad = 0-8 mA) PA0-PA7, PB0-PB7, PC0-PC7, TCMP (see Figure 25) 


VOH 


Vdd-0.8 






V 


Output Low Voltage (see Figure 26) 
dLoad = 1-6 mA) PA0-PA7, PB0-PB7, PC0-PC7, TCMP 


vol 






04 


V 


Input High Voltage 
PA0-PA7, PB0-PB7, PC0-PC7, PD0-PD3, TCAP, IRQ, 
RESET, OSC1 


V|H 


OJxVdd 




vdd 


V 


Input Low Voltage 

PA0-PA7, PB0-PB7, PC0-PC7, PD0-PD3, TCAP, IRQ, 
RESET, OSC1 


V|L 


vss 




0.2xV DD 


V 


Data Retention Mode (0° to 70°C) 


Vrm 


2.0 






V 


Supply Current (see Notes) 
Run (see Figures 27 and 28) 
Wait (see Figures 27 and 28) 
Stop (see Figure 28) 
25°C 

0° to 70°C 


'dd 




3.5 
1.6 

2.0 


7.0 
4.0 

50 
140 


mA 
mA 

|iA 


I/O Ports Hi-Z Leakage Current 
PA0-PA7, PB0-PB7, PC0-PC7, PD0-PD3 


IlL 






±10 


M-A 


Input Current 
RESET, IRQ, TCAP, OSC1, PD3 


"m 






±1 


IxA 


Capacitance 
Ports (as Input or Output) 
RESET, IRQ, TCAP, PD3 


Cout 






12 
8 


pF 



NOTES. 

1. All values shown reflect average measurements. 

2. Typical values at midpoint of voltage range, 25°C only. 

3 Wait Idd : Only timer system active (SPE = TE = RE = 0). If SPI, active (SPE = TE = RE = 1) add 10% current draw 

4. Run (Operating) Idd< Wait 'DD : Measured using external square wave clock source (f 0 sc = 4 - 2 MHz), all inputs 0.2 V from rail; 
no dc loads, less than 50 pF on all outputs, Cl = 20 pF on OSC2. 

5. Wait, Stop Iqd: All ports configured as inputs, V||_ = 0.2 V, V|h = Vdd~0-2 V. 
6 Stop Iqd measured with OSC1 =Vss- 

7. Standard temperature range is 0° to 70°C. A 25°C only version is also available. 
8 Wait Iqd is affected linearly by the OSC2 capacitance. 
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DC ELECTRICAL CHARACTERISTICS 

(Vdd = 3 -3 Vdc±0.3 Vss = 0 Vdc, Ta = T|_ to Th, unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Output Voltage, iLoad^ 100 ^ 


vol 
voh 


vdd-o.1 




0.1 


V 


Output High Voltage 
('Load = 0.2 mA) PA0-PA7, PB0-PB7, PC0-PC7, TCMP (see Figure 25) 


VOH 


Vdd-o.8 

VdD-0.3 


- 


- 


V 


Output Low Voltage (see Figure 26 
dLoad = 1.6 mA) PA0-PA7, PB0-PB7, PC0-PC7, TCMP 


Vol 






0.3 


V 


Input High Voltage 
PA0-PA7, PB0-PB7, PC0-PC7, PD0-PD3, TCAP, IRQ, 
RESET, OSC1 


V|H 


0.7xV DD 


- 


V D D 


V 


Input Low Voltage 

PA0-PA7, PB0-PB7, PC0-PC7, PD0-PD3, TCAP, IRQ, 
RESET, OSC1 


V|L 


vss 




0.2 x Vdd 


V 


Data Retention Mode (0° to 70°C) 


VRM 


2.0 






V 


Supply Current (see Notes) 
Run (see Figures 27 and 29) 
Wait (see Figures 27 and 29) 
Stop (see Figure 29) 
25°C 

0° to 70°C 


Idd 


- 


1.0 
0.5 

1.0 


2.5 
1.4 

30 
80 


mA 
mA 

jjlA 
nA 


I/O Ports Hi-Z Leakage Current 
PA0-PA7, PB0-PB7, PC0-PC7, PD1-PD3 


IlL 






±10 




Input Current 
RESET, IRQ, TCAP, OSC1,PD3 


■in 






±1 


p.A 


Capacitance 
Ports (as Input or Output) 
RESET, IRQ, TCAP, PD3, OSC1 


Cout 
Cm 






12 
8 


pF 



NOTES: 

1. All values shown reflect average measurements. 

2. Typical values at midpoint of voltage range, 25°C only. 

3. Wait Idd: Only timer system active (SPE = TE = RE = 0). If SPI, SCI active (SPE = TE = RE= 1) add 10% current draw. 

4. Run (Operating) Idd- Wait Idd : Measured using external square wave clock source (fosc = 4-2 MHz), all inputs 02 V from rail; 
no dc loads, less than 50 pF on all outputs, C|_ = 20 pF on OSC2 

5. Wait, Stop Idd : A" P°1s configured as inputs, V|L = 0.2 V, V|h = Vdd _ 0.2 V. 

6. Stop Idd measured with OSC1 =Vss- 

7. Standard temperature range is 0° to 70°C. A 25°C only version is also available. 

8. Wait Idd is affected linearly by the OSC2 capacitance. 



V D D=45 V 



Pins 


R1 


R2 


C 


PA0-PA7, 
PB0-PB7, 
PC0-PC7 , 


3.26 kfl 


2.38 kfl 


50 pF 


PD0-PD3 


1.9 kfl 


2.26 kil 


200 pF 


V DD = 3.0 V 


Pins 


R1 


R2 


C 


PA0-PA7, 
PB0-PB7, 
PC0-PC7 


10.91 kfl 


6.32 kfl 


50 pF 



TEST . 
POINT 



VDO 



C 

(SEE 
TABLE) 



: R2 

' (SEE TABLE) 



R1 

(SEE TABLE) 



Figure 24. Equivalent Test Load 
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CONTROL TIMING 

(V DD = 5.0 Vdc±10%, Vss = 0 Vdc, T A = T L to T H ) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Frequency of Operation 
Crystal Option 
External Clock Option 


f osc 


dc 


4.2 
4.2 


MHz 


Internal Operating Frequency 
Crystal (f osc -2) 
external uiock l^osc 


fop 


OC 


2.1 
2.1 


MHz 


Cycle Time (see Figure 33) 


tcyc 


480 






Crystal Oscillator Startup Time (see Figure 33) 


toxov 




100 




Stop Recovery Startup Time (Crystal Oscillator) (see Figure 30) 


tlLCH 




100 


ms 


RESET Pulse Width (see Figure 33) 


tRL 


1.5 




tcyc 


Timer 
Resolution** 

Input Capture Pulse Width (see Figure 31) 
Input Capture Pulse Period (see Figure 31) 


tRESL 
tTH- tTL 
tTLTL 


4.0 
125 




tcyc 
ns 

tcyc 


Interrupt Pulse Width Low (Edge-Triggered) (see Figure 8) 


tlLIH 


125 




ns 


Interrupt Pulse Period (see Figure 8) 


tILIL 






tcyc 


OSC1 Pulse Width 


tQH. tQL 


90 




ns 



*The minimum period t| |_| i_ should not be less than the number of cycle times it takes to execute the interrupt service routine plus 
21 t C y C . 

**Since a 2-bit prescaler in the timer must count four internal cycles (t cyc ), this is the limiting minimum factor in determining the 
timer resolution. 

***The minimum period tj|_j|_ should not be less than the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 t C y C . 










t 






— tlLCH ► 


* 4064^ *■ 





rirvn-TLTLTLr 




CLOCK 

INTERNAL 
ADDRESS 
BUS 

NOTES: 

1. Rep resents the internal gating of the OSC1 pin. 

2. IRQ pin edge-sensitive mask option. 

3. IRQ pin level and edge-sensitive mask option. 

4. RESET vector address shown for timing example. 



RESET OR INTERRUPT 
VECTOR FETCH 



Figure 30. Stop Recovery Timing Diagram 
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CONTROL TIMING 

(Vdd = 3.3 Vdc±0.3 Vdc, Vss = 0 Vdc, T A = T L to T H ) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Frequency of Operation 
Crystal Option 
External Clock Option 


f osc 


dc 


2.0 
2.0 


MHz 


Internal Operating Frequency 
Crystal (f osc + 2) 
External Clock (fosc^ 2 ) 


fop 


dc 


1.0 
1.0 


MHz 


Cycle Time (see Figure 33) 


tcyc 


1000 


— 


ns 


Crystal Oscillator Startup Time (see Figure 33) 


toxov 


— 


100 


ms 


Stop Recovery Startup Time (Crystal Oscillator) (see Figure 30) 


t|LCH 


— 


100 


ms 


RESET Pulse Width — Excluding Power-Up (see Figure 33) 


tRL 


1.5 




l cyc 


Timer 
Resolution** 

Input Capture Pulse Width (see Figure 31) 
Input Capture Pulse Period (see Figure 31) 


tRESL 
l TH< tTL 
tTLTL 


4.0 
250 




tcyc 
ns 

l cyc 


Interrupt Pulse Width Low (Edge-Triggered) (see Figure 8) 


tlLIH 


250 




ns 


Interrupt Pulse Period (see Figure 8) 


tlLIL 






tcyc 


OSC1 Pulse Width 


tQH. tQL 


200 




ns 



*The minimum period t||_||_ should not be less than the number of cycle times it takes to execute the interrupt service routine plus 

21 t C y C . 

**Since a 2-bit prescaler in the timer must count four internal cycles (t C y C ), this is the limiting minimum factor in determining the 
timer resolution. 

»**The minimum period tj|_jL should not be less than the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 t C y C . 



EXTERNAL 
SIGNAL 
(TCAP 
PIN 37) 



|* — »TLTL — *j — *| t T H |*— — »j 'TL |* 

rT_n_rL_n_n_rL 



Figure 31. Timer Relationships 
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SERIAL PERIPHERAL INTERFACE (SPI) TIMING 

(Vqd = 5.0 Vdc± 10%, Vss = 0 Vdc, Ta=T|_ to Th) (see Figure 27) 



Num. 


Characteristic 


Symbol 


Min 


Max 


Unit 




Operating Frequency 
Master 
Slave 


fop(m) 
f op(s) 


dc 
dc 


0.5 
2.1 


f op 
MHz 


1 


Cycle Time 
Master 
Slave 


*cyc(m) 
l cyc(s) 


2.0 
480 


1 


tcyc 

ns 


2 


Enable Lead Time 
Master 
Slave 


l lead(m) 
tlead(s) 


* 

240 


= 


ns 
ns 


3 


Enable Lag Time 
Master 
Slave 


tlagfm) 
l lag(s) 


# 

240 


- 


ns 
ns 


4 


Clock (SCK) High Time 
Master 
Slave 


tw(SCKH)m 
tw(SCKH)s 


340 
190 





ns 
ns 


5 


Clock (SCK) Low Time 
Master 
Slave 


»w(SCKL)m 
tw(SCKL)s 


340 
190 





ns 
ns 


6 


Data Setup Time (Inputs) 
Master 
Slave 


tsu(m) 
tsu(s) 


100 
100 




ns 
ns 


7 


Data Hold Time (Inputs) 
Master 
Slave 


th(m) 
^(s) 


100 
100 




ns 
ns 


8 


Access Time (Time to Data Active from High-Impedance State) 
Slave 


ta 


0 


120 


ns 


9 


Disable Time (Hold Time to High-Impedance State) 
Slave 


tdis 


- 


240 


ns 


10 


Data Valid 
Master (Before Capture Edge) 
Slave (After Enable Edge)** 


Mm) 
Ms) 


0.25 


240 


tcycfm) 
ns 


11 


Data Hold Time (Outputs) 
Master (After Capture Edge) 
Slave (After Enable Edge) 


tho(m) 
tho(s) 


0.25 
0 




l cyc(m) 
ns 


12 


Rise Time (20% Vqd to 70% Vqd, Cl = 200 pF) 
SPI Outputs (SCK, MOSI, and MISOJ_ 
SPI Inputs (SCK, MOSI, MISO, and SS) 


trm 
trs 




100 
2.0 


ns 

US 


13 


Fall Time (70% Vprj to 20% V DD , C L = 200 pF) 
SPI Outputs (SCK, MOSI, and MISO_]_ 
SPI Inputs (SCK, MOSI, MISO, and SS) 


tfm 
tfs 




100 
2.0 


ns 



*Signal production depends on software. 
**Assumes 200 pF load on all SPI pins. 
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SERIAL 

<V DD = 



PERIPHERAL INTERFACE (SPI) TIMING 

3.3 Vdc±0.3 Vdc, Vss = 0 Vdc, Ta = T"l to Th) (see Figure 27) 



Num. 


Characteristic 


Symbol 


Min 


Max 


Unit 




Operating Frequency 
Master 
Slave 


f op(m) 
f op(s) 


dc 
dc 


0.5 
1.0 


fop 
MHz 


1 


Cycle Time 
Master 
Slave 


tcyc(m) 
l cyc(s) 


2.0 
1.0 


- 


tcyc 
|J.S 


2 


Enable Lead Time 
Master 
Slave 


t|ead(m) 
t|ead(s) 


500 


- 


ns 
ns 


3 


Enable Lag Time 
Master 
Slave 


♦lagfrn) 
l lag(s) 


* 

500 


- 


ns 
ns 


4 


Clock (SCK) High Time 
Master 
Slave 


tw(SCKH)m 
tw(SCKH)s 


720 
400 


- 


(IS 

ns 


5 


Clock (SCK) Low Time 
Master 
Slave 


M(SCKL)m 
tw(SCKL)s 


720 
400 


_ 


|iS 

ns 


6 


Data Setup Time (Inputs) 
Master 
Slave 


l su(m) 
tsu(s) 


200 
200 


- 


ns 
ns 


7 


Data Hold Time (Inputs) 
Master 
Slave 


'h(m) 
l h(s) 


200 
200 


- 


ns 
ns 


8 


Access Time (Time to Data Active from High-Impedance State) 
Slave 


ta 


0 


250 


ns 


9 


Disable Time (Hold Time to High-Impedance State) 
Slave 


tdis 




500 


ns 


10 


Data Valid 
Master (Before Capture Edge) 
Slave (After Enable Edge)** 


Mm) 
Ms) 


0.25 


500 


t cyc(m) 
ns 


11 


Data Hold Time (Outputs) 
Master (After Capture Edge) 
Slave (After Enable Edge) 


tho(m) 
tho(s) 


0 25 
0 




tcyclm) 
ns 


12 


Rise Time (20% Vdd to 70% Vqd, C|_ = 200 pF) 
SPI Outputs (SCK, MOSI, and MISOJ_ 
SPI Inputs (SCK, MOSI, MISO, and SS) 


l rm 
trs 




200 
2.0 


ns 

(XS 


13 


Fall Time (70% V DD to 20% Vqd- C|_ = 200 pF) 
SPI Outputs (SCK, MOSI, and MISOJ_ 
SPI Inputs (SCK, MOSI, MISO, and SS) 


tfm 
tfs 




200 
2.0 


ns 

|iS 



*Signal production depends on software. 
"Assumes 200 pF load on all SPI pins. 
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LCD DRIVER DC ELECTRICAL CHARACTERISTICS (V GN = 0) 











55° C 




25°C 




125°C 




Charactonstics 


Symbol 








































Unit 




V 


Min 




Max 


Min 


Typ 


Max 


Min 


Max 




RMS Volt3Q6 Across a SsgmBnt "ON" 


VnM 


3.0 










1.73 








V 


(BPi-FPj) Segment 




5.0 


_ 






_ 


2.88 


_ 








"OFF" 


v OFF 


3 0 






— 




1 00 




— 


- 


\j 


Segment 




5 0 










1 67 










Average dc Offset Voltage 


Vdc 


3.0 


— 




30 


— 


10 


30 


— 


30 


mV 






5 0 






50 




]j 


50 


— 


50 




Output Current, Backplanes and Frontplanes 
























High-Current State* Vrj = 2.85 V 


>BH 


3.0 


— 




- 


-100 


-240 


— 


- 


- 




Vo = 1 .85 V 












-15 


-35 










Vq = 1.15 v 












15 


35 










Vq = 0.15 V 












100 


240 










Vo = 4.85 V 




5.0 


— 






-200 


-400 


— 








Vo = 3.18 V 












-50 


— 1 10 










Vo=1-82 V 












50 


110 










V O = 0.15 V 












200 


400 










Low-Current State* Vo = 2.85 V 


Ibl 


3.0 








-100 


-240 










V 0 = 1.85 V 












-0.25 


-1.0 










Vo=1.15 V 












0.25 


1.0 










Vo = 0.15 V 












100 


240 










Vo = 4.85 V 




5.0 








-200 


-400 










V 0 = 3.18 V 












-1.0 


-3.0 










Vo = 1.82 V 












1.0 


3.0 










Vo = 0.15 V 












200 


400 











*For time 1/(256 xf|_CD> after the backplane or frontplane waveform changes to a new voltage level, the circuit is maintained in the high-current 
state to allow the load capacitors to charge quickly. Then the circuit is returned to the low-current state until the next voltage level change 
occurs. 



LCD DRIVER DC ELECTRICAL CHARACTERISTICS (V G n = D 











vll 




55°C 




25°C 




125°C 




Characteristics 






Symbol 










































Unit 








V 


Min 




Max 


Min 


Typ 


Max 


Min 


Max 




RMS Voltage Across a Segment 




"ON" 


VON 


3.0 










1.73 








V 


(BPi-FPj) 


Segment 




5.0 










2.88 














"OFF" 


V 0 FF 


3.0 










1.00 








V 




Segment 




5.0 










1.67 










Average dc Offset Voltage 






Vdc 


3.0 






30 




10 


30 




30 


mV 










5.0 






50 




17 


50 




50 




Output Current, Backplanes and 


Frontplanes 






















/•A 


High-Current State* 


v 0 = 


2.85 V 




3.0 








-100 


-240 












v 0 = 


1.85 V 


<BH 










-24 


-75 












v 0 = 


1.15 V 












24 


75 












v 0 = 


0.15 V 












100 


240 












v 0 = 


4.85 V 




5.0 








-200 


-400 












v 0 = 


3.18 V 












-80 


-250 












v 0 = 


1.82 V 












80 


250 












v 0 = 


0.15 V 












200 


400 










Low-Current State* 


v 0 = 


2.85 V 


ibl 


3.0 








-100 


-240 












v 0 = 


1.85 V 












-0.5 


-2.0 












v 0 = 


1.15 V 












0.5 


2.0 












v 0 = 


0.15 V 












100 


240 












v 0 = 


4.85 V 




5.0 








-200 


-400 












v 0 = 


3.18 V 












-2.0 


-7.0 












v 0 = 


1.82 V 












2.0 


7.0 












v 0 = 


0.15 V 












200 


400 











*Fortime 1/1256 xfLcrj) after tne backplane or frontplane waveform changes to a new voltage level, the circuit is maintained in the high-current 
state to allow the load capacitors to charge quickly. Then the circuit is returned to the low-current state until the next voltage level change 
occurs. 
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55 

(INPUT) 



55 is Held High on Master 



SCK (CPOL-O) SEE 
(OUTPUT) NOTE 



SCK 
(OUT 



MISO 
(INPUT) 



< 



MOSI 
(OUTPUT) 



MSB IN 



HJD -Ik© 

^ LSB IN ^ _ 



y BIT6- .-1 y 



MASTER MSB OUT 



-©- 



BIT 6 1 

— s— 



MASTER LSB OUT 



NOTE: This first dock ados is generated internally but is not seen at the SCK pin. 

a) SPI MASTER TIMING (CPHA=0) 



7 



(INPUT) 



SCK (CPOL-0) 
- TPIT 



(OUTPUT) 



SCK (CPOL-1) 
(OUTPUT) 



MISO 
(INPUT) 



MOSI 
(OUTPUT) 



55 is Held High on Master 

-CD- 



MSB IN y 



MASTER MSB OUT 



- < B "°" C > 

•<0> 



BIT 6 1 

N — 



X 



^" LSB IN \ 



' SEE 
NOTE 



MASTER LSB OUT 



f®. 

NOTE: This last dock edge is generated internally but is not seen at the SCK pin. 

b) SPI MASTER TIMING (CPHA=1) 



2M) 



Figure 32. SPI Timing Diagrams (Sheet 1 of 2) 
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ss 

(INPUT) 



SCK (CPOL-0) 
(INPUT) 



SCK (CPOL-1) 
(INPUT) 



MISO 
(OUTPUT) 



t 



KD 



SLAVE 



KD- 



MOSI 
(INPUT) 



-© — ■ r^c^ ' © — » 



MSB OUT 



>: 



BIT 6 1 

-V 



(Eh 



0> 



SLAVE LSB OUT 



A NOTE j 



^ MSB IN *j ^ BIT6 --^i~^ ^ LSB IN 



NOTE Not defined but normally MSB of character just received 

c) SPI SLAVE TIMING (CPHA=0) 



SS 

(INPUT) 



SCK (CPOL-0) 
(INPUT) 



SCK (CPOL-1) 
(INPUT) 



(8> 



MISO 
(OUTPUT) 



MOSI 
(INPUT) 



>: 



BIT6----1 



NOTE Not defined but normally LSB of character previously transmitted 

d) SPI SLAVE TIMING (CPHA = 1) 



KD 



SLAVE LSB OUT 



^ ! MSB IN ^ BIT6----J ^ ^ LSB IN ^ - 



Figure 32. SPI Timing Diagrams (Sheet 2 of 2) 



MOTOROLA MICROPROCESSOR DATA 



o mn 



CO 



tyODR 



VOO 7^ Vqd THRESHOLD (1-2 V TYPICALI 



OSC1 1 



'////////////////////////////// 



tOXOV 1 4064 t cyc I 



I 



INTERNAL 

PROCESSOR j 
CLOCK* 1 1 1 



n_j 



i_rTJ~^_r _ L^xj _ X-r 



INTERNAL 
ADDRESS 
BUS* 



o 

O) 
00 

X 

O 
o 
en 



INTERNAL 



BUS* 



RESET 



tRL- 



7 



•Internal timing signal and bus information not available externally. 
**0SC1 line is not meant to represent frequency. It is only used to represent time. 
***The next rising edge of the internal processor clock following the rising edge of RESET initiates the reset sequence. 



Figure 33. Power-On Reset and RESET 
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ORDERING INFORMATION 

The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo- 
torola in the following media: 
MDOS®, disk file 

MS®-DOS/PC-DOS disk file (360K) 

EPROM MCM68766 
To initiate a ROM pattern for the MCU, it is necessary 
to first contact the local field service office, a sales person, 
or a Motorola representative. 

FLEXIBLE DISKS 

A flexible disk (MS-DOS/PC-DOS disk file), pro- 
grammed with the customer's program (positive logic 
sense for address and data), may be submitted for pattern 
generation. The diskette should be clearly labeled with 
the customer's name, data, project or product name, and 
the name of the file containing the pattern. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 

MS-DOS/PC-DOS Disk File 

MS-DOS is Microsoft's Disk Operating System. PC-DOS 
is the IBM® Personal Computer (PC) Disk Operating Sys- 
tem. Disk media submitted must be a standard density 
(360K) double-sided 5 1/4 inch compatible floppy diskette. 
The diskette must contain object file code in Motorola's 
S-record format. The S-record format is a character-based 
object file format generated by M6805 cross assemblers 
and linkers on IBM PC style machines. 

EPROMs 

A 68766 type EPROM, programmed with the custom- 
er's program (positive logic sense for address and data), 
may be submitted for pattern generation. Since all pro- 
gram and data space information will fit on one 68766 
EPROM device, the EPROM must be programmed as de- 
scribed in the following paragraphs. 

Start the page zero, user ROM at EPROM address $0020 
through $004F. Start the user ROM at EPROM address 
$0100 through $19FF with vectors from $1FF4 to $1FFF. 
All unused bytes, including the user's space, must be set 
to zero. For shipment to Motorola, EPROMs should be 
placed in a conductive IC carrier and packed securely. 



Styrofoam is not acceptable for shipment. 

XXX 




xxx = Customer ID 

Verification Media 

All original pattern media (EPROMs or floppy disks) are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked, and the verification form 
should be completed, signed, and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for the creation of the customer mask. To aid 
in the verification process, Motorola will program cus- 
tomer supplied blank EPROM(s) or DOS disks from the 
data file used to create the custom mask. 

ROM VERIFICATION UNITS (RVUs) 

Ten MCUs containing the customer's ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask, but are for the pur- 
pose of ROM verification only. For expediency, the MCUs 
are unmarked, packaged in ceramic, and tested with five 
volts at room temperature. These RVUs are free with the 
minimum order quantity, but are not production parts. 
RVUs are not backed or guaranteed by Motorola Quality 
Assurance. 

ORDERING INFORMATION 

The following table provides ordering information per- 
taining to the package type, temperature, and MC order 
numbers for the MC68HC05L6 device. 



Package Type 


Temperature 


MC Order Number 


PLCC 1 
(FN Suffix) 


0°C to +70°C 


MC68HC05L6FN 




1 . PLCC packaging is available for samples and evaluation mod- 
ule support only. 



MDOS is a trademark of Motorola Inc. 
MS is a trademark of Microsoft, Inc. 

IBM is a registered trademark of International Business Machines Corporation. 
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Product Preview 

8-Bit Microcontroller Unit 

The MC68HC05M4 is an advanced 8-bit microcontroller unit (MCU) with highly sophisticated on- 
chip peripheral capabilities. This device contains 4096 bytes of ROM, a 16-bit free-running timer 
subsystem and a 8-bit countdown timer subsystem. In addition, 24 of the I/O lines can drive 
vacuum fluorescent (VF) grids and anodes directly. 



The 


following are some of the features of the MC68HC05M4. 


• 


HCMOS Technology 


• 


Fully Static Operation 


• 


4096 Bytes of User ROM 


• 


128 Bytes of RAM 


• 


240 Bytes of Self-Check ROM 


• 


32 Bidirectional I/O Lines 


• 


24 I/O Lines Mask Selectable as High Voltage VF Drivers 


• 


16-Bit Timer Subsystem 


• 


8-Bit Timer Subsystem 


• 


8-Bit AID Converter 


• 


6 Analog Inputs 


• 


Self-Check Mode 


• 


Interrupts: External, 16-Bit Timer, and 8-Bit Timer 


• 


Watchdog System 


• 


Single 3- to 6-Volt Supply 


• 


2.1 MHz Internal Frequency at 5 Volts; 1.0 MHz at 3 Volts 


• 


Power Saving STOP, WAIT, and Data Retention Modes 


• 


Versatile Interrupt Handling 


• 


True Bit Manipulation Set 


• 


Addressing Modes with Indexed Addressing for Tables 


• 


Efficient Instruction Set 


• 


Memory Mapped I/O 


• 


Multiply Instruction 


• 


52-Pin PLCC Package 



This document contains information on a product under development Motorola reserves the right to change or discontinue this product without notice 
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Technical Summary 

8-Bit Microcontroller Unit 



The MC68HC05P1 (HCMOS) microcontroller unit (MCU) is a member of the M68HC05 Family of microcontrollers. 
This high-performance, low-cost MCU has parallel I/O capability with pins programmable as input or output. This 
publication contains condensed information on the MCU; for more detailed information, contact your local Motorola 
sales office. 

The following block diagram depicts the hardware features; additional features available on the MCU are as 
follows: 

• On-Chip Osciirator with RC or Crystal/Ceramic 
Resonator Mask Options 

• Memory-Mapped I/O 

• 128 Bytes of On-Chip RAM 

• 2112 Bytes of User ROM 

• 20 Bidirectional I/O Lines and One Input-Only 
Line 



Self-Check Mode 

Power-Saving STOP, WAIT, and Data Retention 
Modes 

Single 3.0- to 5.5-Volt Supply (2-Volt Data 

Retention Mode) 

Fully Static Operation 

8x8 Unsigned Multiply Instruction 
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This document contains information on a new product. Specifications and information herein are subject to change without notice. 



MOTOROLA MICROPROCESSOR DATA 



MC68HC05P1 




SIGNAL DESCRIPTION 

The signal descriptions of the MCU are discussed in 
the following paragraphs. 

V D D and v S s 

Power is supplied to the microcontroller using these 
two pins. Vqd is the positive supply, and Vss is ground. 

IRQ 

This pin is a programmable option that provides two 
different choices of interrupt triggering sensitivity. Refer 
to INTERRUPTS for more detail. 

OSC1, OSC2 

These pins provide control input for an on-chip clock 
oscillator circuit. A crystal, a ceramic resonator, a resistor/ 
capacitor combination, or an external signal connects to 

Crystal 





2 MHz 
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c 0 
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0 008 
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pF 
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15-30 


15-25 


pF 


Bp 


10 


10 


Mii 


Q 


30 


40 


K 



these pins, providing a system clock. A mask option selects 
either a crystal/ceramic resonator or a resistor/capacitor 
as the frequency determining element. The oscillator 
frequency is two times the internal bus rate. 

RC Oscillator 

With this option, a resistor is connected to the oscillator 
pins as shown in Figure 1(d). The relationship between 
R and f osc is shown in Figure 2. 

Crystal 

The circuit shown in Figure Kb) is recommended when 
using a crystal. Using an external CMOS oscillator is 
recommended when crystals outside the specified ranges 
are to be used. The crystal and components should be 
mounted as close as possible to the input pins to minimize 
output distortion and start-up stabilization time. Refer to 
ELECTRICAL SPECIFICATIONS for Vqd specifications. 

Ceramic Resonator 
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(a) Crystal Ceramic Resonator Parameters 
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(b) Crystal Ceramic Resonator 
Oscillator Connections 



(c) Equivalent Crystal Circuit 
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(d) RC Oscillator Connections 



MCU 

0SC1 0SC2 



UNCONNECTED 
— — < EXTERNAL CLOCK 



(e) External Clock Source Connections 
(For Crystal Mask Option Only) 



Figure 1. Oscillator Connections 
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10 20 50 
RESISTANCE (k!») 



500 1000 



Figure 2. Typical Frequency vs. Resistance for 
RC Oscillator Option Only (Accuracy = ±50%) 



Ceramic Resonator 

A ceramic resonator may be used in place of the crystal 
in cost-sensitive applications. The circuit in Figure 1(b) is 
recommended when using a ceramic resonator. Figure 
1(a) lists the recommended capacitance and resistance 
values. The manufacturer of the resonator considered 
should be consulted for specific information on resonator 
operation. 



more information on TCMP). Bit 5 is a normal I/O pin. All 
other bits are not implemented and read as zeros. 

NOTE 

Any unused inputs and I/O ports should be tied to 
an appropriate logic level (e.g., either Vqd or Vss)- 




External Clock 

An external clock should be applied to the OSC1 input 
with the OSC2 input not connected, as shown in Figure 
1(e). This option may only be used with the crystal 
oscillator mask option. 

INPUT CAPTURE (TCAP) 

This pin controls the input capture feature for the on- 
chip programmable timer. 

OUTPUT COMPARE (TCMP) 

This pin provides an output for the output compare 
feature of the on-chip timer. 



RESET 

This pin is used to reset the MCU an d provide an orderly 
start-up procedure by pulling RESET low. 

INPUT/OUTPUT PORTS (PA7-PA0, PB7-PB5, PC7-PC0) 

These 19 lines are arranged in two 8-bit ports and one 
3-bit port (A, C, and B). These ports are programmable 
as either inputs or outputs under software control of the 
data direction registers. Refer to PROGRAMMING for 
additional information. 

SPECIAL-FUNCTION PORT (PD5-PD7) 

These three lines comprise port D, a special-function 
port. Bit 7 is an input-only pin that is shared with TCAP 
(refer to TIMER for information on TCAP). Bit 6 is an 
output-only pin that serves as TCMP (refer to TIMER for 



PROGRAMMING 

Input/output port programming, fixed input port 
programming, and serial port programming are discussed 
in the following paragraphs. 

INPUT/OUTPUT PORT PROGRAMMING 

Any port pin is programmable as either an input or an 
output under software control of the corresponding data 
direction register (DDR). Each port bit can be selected as 
output or input by writing the corresponding bit in the 
port DDR to a logic one for output and logic zero for input. 
On reset, all DDRs are initialized to logic zero to put the 
ports in the input mode. The port output registers are not 
initialized on reset but may be written to before setting 
the DDR bits to avoid undefined levels. 

When programmed as outputs, the latched output data 
is readable as input data, regardless of the logic levels 
at the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Refer to 
Figure 3 for typical port circuitry and to Table 1 for a list 
of the I/O pin functions. 

SPECIAL-FUNCTION PORT PROGRAMMING 

Port D is a special-function port consisting of three bits, 
PD7-PD5. Bit 7 is an input-only bit shared with TCAP. 
This bit can be read at any time, even if the TCAP function 
is enabled. Bit 6 is an output-only pin that serves as TCMP. 
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Figure 3. Typical Port I/O Circuit 



Table 1. I/O Pin Functions 



R/W* 


DDR 


I/O Pin Functions 


0 


0 


The I/O pin is in input mode. Data is 
written into the output data latch. 


0 


1 


Data is written into the output data latch 
and output to the I/O pin. 


1 


0 


The state of the I/O pin is read. 


1 


1 


The I/O pin is in an output mode The 
output data latch is read. 



*R/W is an internal signal. 

It cannot be used as a normal output, only as TCMP, and 
always reads as zero. Bit 5 is a normal I/O pin with a 
corresponding DDR bit at address $0007. All other DDR 
bits are not implemented and read as zeros. Bits 4-0 of 
the port D data register are not implemented. Bit 4 always 
reads as one; the other bits always read as zeros. 



MEMORY 

The MCU is capable of addressing 81 92 bytes of memory 
and I/O registers, as shown in Figure 4. The locations 
consist of user ROM, user RAM, self-check ROM, control 
registers, and I/O. The user-defined reset and interrupt 
vectors are located from $1FF0-$1FFF. 

The shared stack area is used during processing of an 
interrupt or subroutine call to save the CPU state. The 
stack pointer decrements during pushes and increments 
during pulls. Refer to INTERRUPTS for additional 
information. 

NOTE 

Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. 



REGISTERS 

The MCU contains the registers described in the 
following paragraphs. 

ACCUMULATOR (A) 

The accumulator is a general-purpose 8-bit register used 
to hold operands and results of arithmetic calculations 
or data manipulations. 

7 0 



INDEX REGISTER (X) 

The index register is an 8-bit register used for the 
indexed addressing mode. It contains an 8-bit value that 
may be added to an 8- or 16-bit immediate value to create 
an effective address. The index register may also be used 
as a temporary storage area. 

7 0 



PROGRAM COUNTER (PC) 

The program counter is a 13-bit register that contains 
the address of the next byte to be fetched. 

12 0 



PC 



STACK POINTER (SP) 

The stack pointer is a 13-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set to location $00FF. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

When accessing memory, the seven most significant 
bits are permanently set to 000001 1 . These seven bits are 
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PORTS 
8 BYTES 



UNUSED 
10 BYTES 



TIMER 
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3 BYTES 



TEST REGISTER 
1 BYTE 



256 BYTES 



/ 



0000 ' 



0031 



PORT A DATA REGISTER 



PORT B DATA REGISTER 



PORT C DATA REGISTER 



PORT D FIXED INPUT REGISTER 



PORT A DATA DIRECTION REGISTER 



PORT B DATA DIRECTION REGISTER 



PORT C DATA DIRECTION REGISTER 



PORT D DATA DIRECTION REGISTER 



UNUSED 



UNUSED 



UNUSED 



UNUSED 



UNUSED 



UNUSED 



UNUSED 



UNUSED 



UNUSED 



UNUSED 



TIMER CONTROL REGISTER 



TIMER STATUS REGISTER 



INPUT CAPTURE HIGH REGISTER 



INPUT CAPTURE LOW REGISTER 



OUTPUT COMPARE HIGH REGISTER 



OUTPUT COMPARE LOW REGISTER 



COUNTER HIGH REGISTER 



COUNTER LOW REGISTER 



ALTERNATE COUNTER HIGH REGISTER 



ALTERNATE COUNTER LOW REGISTER 



UNUSED 



UNUSED 
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Figure 4. Memory Map 



appended to the six least significant register bits to 
produce an address within the range of $OOFF-$OOCO. 
Subroutines and interrupts may use up to 64 (decimal) 
locations. If 64 locations are exceeded, the stack pointer 
wraps around and loses the previously stored information. 
A subroutine call occupies two locations on the stack; an 
interrupt uses five locations. 



12 
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CONDITION CODE REGISTER (CCR) 

The CCR is a 5-bit register in which four bits are used 
to indicate the results of the instruction just executed. 



These bits can be individually tested by a program, and 
specific actions can be taken as a result of their state. 
Each bit is explained in the following paragraphs. 
CCR 



H 


1 


N 


Z 


C 



Half Carry (H) 

This bit is set during ADD and ADC operations to indicate 
that a carry occurred between bits 3 and 4. 

Interrupt (I) 

When this bit is set, the timer and external interrupt 
are masked (disabled). If an interrupt occurs while this 
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bit is set, the interrupt is latched and processed as soon 
as the interrupt bit is cleared. 

Negative (N) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative 
(bit 7 in the result is a logic one). 

Zero (Z) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 

Carry/Borrow (C) 

When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during 
bit test and branch instructions and during shifts and 
rotates. 



SELF-CHECK 

The self-check capability provides the ability to 
determine if the device is functional. Self-check is 



performed using the circuit shown in Figure 5. Port C pins 
PC3-PC0 are monitored for the self-check results. After 
reset, the following seven tests are performed 
automatically: 

I/O — Exercise of ports A, B, and C 
RAM — Counter test for each RAM byte 
ROM — Exclusive OR with odd ones parity result 
Timer — Tracks counter register and checks OCF bit 
Interrupts — Tests external and timer interrupts 
Self-check results (using the LEDs as monitors) are 
shown in Table 2. The following subroutines are available 
to the user and do not require any external hardware. 

TIMER TEST SUBROUTINE 

This subroutine returns with the Z bit cleared if any 
error is detected; otherwise, the Z bit is set. The timer 
test subroutine is called at location $1FOE. The output 
compare register is first set to the current timer state. 
Because the timer is free running and has only a divide- 
by-four prescaler, each timer count cannot be tested. The 
test reads the timer once every 10 counts (40 cycles) and 
checks for correct counting. The test tracks the counter 
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NOTE The RC Oscillator option can also be used in this circuit. 

Figure 5. Self-Check Circuit Schematic Diagram 
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until the timer wraps around, triggering the output 
compare flag in the timer status register. RAM locations 
$0080-$0081 are overwritten. Upon return to the user's 
program, X = 40. If the test passed, A = 0. 



Table 2. Self -Check Results 



PC3 


PC2 


PC1 


PCO 


Remarks 




0 


0 


1 


Bad I/O 




0 


1 


0 


Bad RAM 




0 


1 


1 


Bad Timer 




1 


0 


0 


Bad ROM 




1 


0 


1 


Bad Interrupts or IRQ Request 


Flashing 


Good Device 


All Others 


Bad Device, Bad Port C, etc. 



0 indicates LED is on; 1 indicates LED is off. 

ROM CHECKSUM SUBROUTINE 

This subroutine returns with the Z bit cleared if any 
error is detected; otherwise, the Z bit is set. The ROM 
checksum subroutine is called at location $1 F8A with RAM 
location $0083 equal to $01 and A = 0. A short routine is 
set up and executed in RAM to compute a checksum of 
the entire ROM pattern. RAM locations $0080 through 
$0083 are overwritten. Upon return to the user's program, 
X = 0. If the test passed, A = 0. 



RESETS 

The MCU can be reset two ways: b y initi al pow er-up 
and by the external reset input (RESET). The RESE T input 
consists mainly of a Schmitt trigger that senses the RESET 
line logic level. 

POWER-ON RESET (POR) 

An internal reset is generated on power-up to allow 
the internal clock generator to stabilize. The power-on 
reset is strictly for power turn-on conditions and should 
not be used to detect a drop in the power supply voltage. 
There is a 4064 internal processor clock cycle (tcyc) delay 



after the oscillator becomes active. If the RESET pin is 
low at the end of 40 64 tcyc , the MCU will remain in the 
reset condition until RESET goes high. 

EXTERNAL RESET INPUT 

The MCU is reset when a logic zero is applied to the 
RESET input for a period of one and one-half machine 
cycles (t cyc ). 

INTERRUPTS 

The MCU can be interrupted three different ways: the 
two maskable hardware interrupts (IRQ and timer) and 
the nonmaskable software interrupt instruction (SWI). 

Interrupts cause the processor to save register contents 
on the stack and to set the interrupt mask (I bit) to prevent 
additional interrupts. The RTI instruction causes the 
register contents to be recovered from the stack and 
normal processing to resume. The stacking order is shown 
in Figure 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted but are 
considered pending until the current instruction is 
complete. 

NOTE 

The current instruction is the one already fetched 
and being operated on. 

When the current instruction is complete, the processor 
checks all pending hardware interrupts. If unmasked (I 
bit clear) and if the corresponding interrupt enable bit is 
set, the processor proceeds with interrupt processing; 
otherwise, the next instruction is fetched and executed. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the external 
interrupt is serviced first The SWI is executed the same 
as any other instruction, regardless of the l-bit state. Refer 
to Figure 7 for the reset and interrupt instruction 
processing sequence. 

TIMER INTERRUPT 

There are three different timer interrupt flags that cause 
a timer interrupt whenever they are set and enabled. The 
interrupt flags are in the timer status register (TSR), and 
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Figure 6. Interrupt Stacking Order 
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Figure 7. Reset and Interrupt Processing Flowchart 



the enable bits are in the timer control register (TCR). 
Refer to TIMER for more information. 

EXTERNAL INTERRUPT 

If the interrupt mask bit (I bit) of the CCR is set, all 
interrupts are disabled. Clearing the I bit enables the 
external interrupt. The external interrupt is inter nally 
synchronized and then latched on the falling edge of IRQ. 
The action of the external interrupt is identical to the ti mer 
interrupt, except that the interrupt request input at IRQ 
is latched internally and the service routine address is 
specified by the contents of $1FFA and $1 FFB. 

Either a level-sensitive and edge-sensitive trigger or an 
edge-sensitive-only trigger are available as a mask option. 
Figure 8 shows both a functional internal diagram and a 
mode timing diagram for the interrupt line. The timing 
diagram shows two treatments of the interrupt line to 



the processor. The first method shows a single pulse on 
the interrupt line spaced far enough apart to be serviced. 
The minimum time between pulses is a function of the 
length of the interrupt service. Once a pulse occurs, the 
next pulse should not occur until an RTI occurs. This time 
(t|i_| [_) is obtained by adding 21 instruction cycles to the 
total number of cycles it takes to complete the service 
routine (not including the RTI instruction). The second 
method shows many interrupt lines "wire-ORed" to form 
the interrupts at the processor. If the interrupt line remains 
low after servicing an interrupt, then the next interrupt 
is recognized. 

NOTE 

The internal interrupt latch is cleared in the first part 
of the interrupt service routine; therefore, one 
external interrupt pulse could be latched and 
serviced as soon as the I bit is cleared. 
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Edge-Sensitive Trigger Condition 

The minimum pulse width (t| |_| j-j ) is 
either 125 ns (Vqd = 5 V) or 250 ns 
(Vdd = 3V > Theperiodt|u|_shouldnot 
be less than the number of t cyc cycles 
it takes to execute the interrupt service 
routine plus 21 t cvc cycles 

Level-Sensitive Trigger Condition 

If after servicing an interrupt the IRQ 
remains low, then the next interrupt is 
recognized 




NORMALLY 
\ USED WITH 
' WIRE-ORed 

CONNECTION 



(b) Interrupt Mode Diagram 



Figure 8. External Interrupt 



SOFTWARE INTERRUPT (SWI) 

The SWI is an executable instruction that is executed 
regardless of the state of the I bit in the CCR. If the I bit 
is zero, SWI executes after the other interrupts. The SWI 
operation is similar to the hardware interrupts. The 
interrupt service routine address is specified by the 
contents of memory locations $1FFC and $1FFD. 



During the STOP mode, the TCR bits are altered to 
remove any pending timer interrupt request and to disable 
any further timer interrupts. The timer prescaler is cleared. 
The I bit in the CCR is cleared to enable external interrupts. 
All other registers and memory remain unaltered. All input/ 
output lines remain unchanged. The processor can be 
brought out of the STOP mode only by an external 
interrupt or reset. 



LOW-POWER MODES 

STOP 

The STOP instruction places the MCU in its lowest power 
consumption mode. In the STOP mode, the internal 
oscillator is turned off, halting all internal processing 
including timer operation (refer to Figure 9). 



WAIT 

The WAIT instruction places the MCU in a low-power 
consumption mode, but the WAIT mode consumes more 
powerthan the STOP mode. All CPU action is suspended, 
but the timer remains active (refer to Figure 10). An 
interrupt from the timer can cause the MCU to exit the 
WAIT mode. 
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Figure 9. STOP Function Flowchart 



During the WAIT mode, the I bit in the CCR is cleared 
to enable interrupts. All other registers, memory, and 
input/output lines remain in their previous state. The timer 
may be enabled to allow a periodic exit from the WAIT 
mode. 

DATA RETENTION MODE 

The contents of RAM and CPU registers are retained 
at supply voltages as low as 2.0 Vdc. This is called the 
data retention mode where the data is held, but the device 
is not guaranteed to operate. The MCU should be in RESET 
during data retention mode. 



TIMER 

The timer consists of a 16-bit, software-programmable 
counter driven by a fixed divide-by-four prescaler. This 
timer can be used for many purposes, including input 



waveform measurements while simultaneously gener- 
ating an output waveform. Pulse widths can vary from 
several microseconds to many seconds. Refer to Figure 
11 for a timer block diagram. 

Because the timer has a 16-bit architecture, each spe- 
cificfunctional segment (capability) is represented by two 
registers. These registers contain the high and low byte 
of that functional segment. Generally, accessing the low 
byte of a specific timer function allows full control of that 
function; however, an access of the high byte inhibits 
that specific timer function until the low byte is also ac- 
cessed. 

NOTE 

The I bit in the CCR should be set while manipu- 
lating both the high and low byte register of a spe- 
cific timer function to ensure that an interrupt does 
not occur. 



COUNTER 

The key element in the programmable timer is a 16- 
bit, free-running counter or counter register, preceded by 
a prescaler that divides the internal processor clock by 
four. The prescaler gives the timer a resolution of 2.0 
microseconds if the internal bus clock is 2.0 MHz. The 
counter is incremented during the low portion of the in- 
ternal bus clock. Software can read the counter at any 
time without affecting its value. 

The double-byte, free-running counter can be read from 
either of two locations, $18-519 (counter register) or 
$1A-$1B (counter alternate register). A read from only 
the least significant byte (LSB) of the free-running counter 
($1 9, $1 B) receives the count value at the time of the read. 
If a read of the free-running counter or counter alternate 
register first addresses the most significant byte (MSB) 
($18, $1A), the LSB ($19, $1B) is transferred to a buffer. 
This buffer value remains fixed after the first MSB read, 
even if the user reads the MSB several times. This buffer 
is accessed when reading the free-running counter or 
counter alternate register LSB ($19 or $1B) and, thus, 
completes a read sequence of the total counter value. In 
reading either the free-running counter or counter alter- 
nate register, if the MSB is read, the LSB must also be 
read to complete the sequence. 

The counter alternate register differs from the counter 
register in one respect: a read of the counter register LSB 
can clear the timer overflow flag (TOF). Therefore, the 
counter alternate register can be read at any time without 
the possibility of missing timer overflow interrupts due 
to clearing of the TOF. 

The free-running counter is configured to $FFFC during 
reset and is always a read-only register. During a power- 
on reset, the counter is also preset to $FFFC and begins 
running after the oscillator start-up delay. Because the 
free-running counter is 1 6 bits preceded by a fixed divide- 
by-four prescaler, the value in the free-running counter 
repeats every 262,144 internal bus clock cycles. When the 
counter rolls over from $FFFF to $0000, the TOF bit is set. 
An interrupt can also be enabled when counter rollover 
occurs by setting its interrupt enable bit (TOIE). 
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Figure 10. WAIT Function Flowchart 



OUTPUT COMPARE REGISTER 

The 16-bit output compare register is made up of two 
8-bit registers at locations $16 (MSB) and $17 (LSB). The 
output compare register is used for several purposes, 
such as indicating when a period of time has elapsed. All 
bits are readable and writable and are not altered by the 
timer hardware or reset. If the compare function is not 
needed, the two bytes of the output compare register can 
be used as storage locations. 

The output compare register contents are compared 
with the contents of the free-running counter continually, 
and, if a match is found, the corresponding output com- 
pare flag (OCF) bit is set and the corresponding output 
level (OLCL) bit is clocked to an output level register. The 
output compare register values and the output level bit 
should be changed after each successful comparison to 
establish a new elapsed time-out. An interrupt can also 
accompany a successful output compare provided the 
corresponding interrupt enable bit (OCIE) is set. 



After a processor write cycle to the output compare 
register containing the MSB ($16), the output compare 
function is inhibited until the LSB ($17) is also written. 
The user must write both bytes (locations) if the MSB is 
written first. A write made only to the LSB ($17) will not 
inhibit the compare function. The free-running counter is 
updated every four internal bus clock cycles. The mini- 
mum time required to update the output compare reg- 
ister is a function of the program rather than the internal 
hardware. 

The processor can write to either byte of the output 
compare register without affecting the other byte. The 
output level (OLVL) bit is clocked to the output level reg- 
ister, regardless of whether the output compare flag (OCF) 
is set or clear. 

INPUT CAPTURE REGISTER 

Two 8-bit registers, which make up the 16-bit input 
capture register, are read-only and are used to latch the 
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Figure 11. Timer Block Diagram 



value of the free-running counter after the corresponding 
input capture edge detector senses a defined transition. 
The level transition which triggers the counter transfer is 
defined by the corresponding input edge bit (IEDG). Reset 
does not affect the contents of the input capture register. 

The result obtained by an input capture will be one 
more than the ivgnlug of ^the t[£ e J"^"X?^S£ Mi n ii r S3 fo e 



the free-running counter value that corresponds to the 
most recent input capture. 

After a read of the input capture register ($14) MSB, 
the counter transfer is inhibited until the LSB ($15) is also 
read. This characteristic causes the time used in the input 
capture software routine and its interaction with the main 
proqramto determine the minimum jpyjse ge£io$}. 
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ICIE — Input Capture Interrupt Enable 
1 = Interrupt enabled 

0 = Interrupt disabled 

OCIE — Output Compare Interrupt Enable 

1 = Interrupt enabled 

0 = Interrupt disabled 

TOIE — Timer Overflow Interrupt Enable 

1 = Interrupt enabled 

0 = Interrupt disabled 
IEDG — Input Edge 

Value of input edge determines which level transition 
on TCAP pin will trigger free-running counter transfer 
to the input capture register 

1 = Positive edge 

0 = Negative edge 

Reset does not affect the IEDG bit (U = unaffected). 
OLVL — Output Level 
Value of output level is clocked into output level reg- 
ister by the next successful output compare and will 
appear on the TCMP pin 

1 =High output 
0 = Low output 

Bits 2, 3, and 4 — Not used 
Always read zero 



TIMER STATUS REGISTER (TSR) $13 

The TSR is a read-only register containing three status 
flag bits. 
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ICF — Input Capture Flag 

1 = Flag set when selected polarity edge is sensed by 
input capture edge detector 

0 = Flag cleared when TSR and input capture low reg- 

ister ($15) are accessed 
OCF — Output Compare Flag 

1 = Flag set when output compare register contents 

match the free-running counter contents 

0 = Flag cleared when TSR and output compare low 

register ($17) are accessed 
TOF — Timer Overflow Flag 

1 = Flag set when free-running counter transition from 

$FFFF to $0000 occurs 
0 = Flag cleared when TSR and counter low register 
($19) are accessed 
Bits 0-4 — Not used 
Always read zero 

Accessing the timer status register satisfies the first 
condition required to clear status bits. The remaining step 
is to access the register corresponding to the status bit. 

A problem can occur when using the timer overflow 
function and reading the free-running counter at random 



times to measure an elapsed time. Without incorporating 
the proper precautions into software, the timer overflow 
flag could unintentionally be cleared if: 

1) The timer status register is read or written when 
TOF is set, and 

2) The LSB of the free-running counter is read but not 
for the purpose of servicing the flag. 

The counter alternate register at address $1A and $1B 
contains the same value as the free-running counter (at 
address $18 and $19); therefore, this alternate register 
can be read at any time without affecting the timer ov- 
erflow flag in the timer status register. 

TIMER DURING WAIT MODE 

The CPU clock halts during the WAIT mode, but the 
timer remains active. An interrupt from the timer causes 
the processor to exit the WAIT mode. 

TIMER DURING STOP MODE 

In the STOP mode, the timer stops counting and holds 
the last count value if STOP is exited by an interrupt. If 
RESET is used, the counter is forced to $FFFC. During 
STOP, if at least one valid input capture edge occurs at 
the TCAP pin, the input capture detect circuit is armed. 
This does not set any timer flags nor wake up the MCU, 
but when the MCU does wake up, there is an active input 
capture flag and data from the first valid edge that oc- 
curred during the STOP mode. If RESET is used to exit 
STOP mode, then no input capture flag or data remains, 
even if a valid input capture edge occurred. 

INSTRUCTION SET 

The MCU has a set of 62 basic instructions. They can 
be divided into five different types: register/memory, read- 
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 

This MCU uses all the instructions available in the 
M146805 CMOS Family plus one more: the unsigned 
multiply (MUL) instruction. This instruction allows un- 
signed multiplication of the contents of the accumulator 
(A) and the index register (X). The high-order product is 
then stored in the index register, and the low-order prod- 
uct is stored in the accumulator. A detailed definition of 
the MUL instruction is shown below. 



Operation 


X:A«XxA 


Description 


Multiplies the eight bits in the index register 
by the eight bits in the accumulator to obtain 
a 16-bit unsigned number in the concatenated 
accumulator and index register 


Condition 
Codes 


H: Cleared 
1 Not affected 
N: Not affected 
Z Not affected 
C: Cleared 


Source 
Form(s) 


MUL 


Addressing 
Mode 


Cycles 


Bytes 


Opcode 


Inherent 


11 


1 


$42 
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REGISTER/MEMORY INSTRUCTIONS 

Most of these instructions use two operands. One op- 
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 
jump to subroutine (JSR) instructions have no register 
operand. Refer to the following instruction list. 



Function 


Mnemonic 


Load A from Memory 


LDA 


Load X from Memory 


LDX 


Store A in Memory 


STA 


Store X in Memory 


STX 


Add Memory to A 


ADD 


Add Memory and Carry to A 


ADC 


Subtract Memory 


SUB 


Subtract Memory from A with Borrow 


SBC 


AND Memory to A 


AND 


OR Memory with A 


ORA 


Exclusive OR Memory with A 


EOR 


Arithmetic Compare A with Memory 


CMP 


Arithmetic Compare X with Memory 


CPX 


Bit Test Memory with A (Logical Compare) 


BIT 


Jump Unconditional 


JMP 


Jump to Subroutine 


JSR 



BRANCH INSTRUCTIONS 

This set of instructions branches if a particular condi- 
tion is met; otherwise, no operation is performed. Branch 
instructions are two-byte instructions. Refer to the fol- 
lowing list for branch instructions. 



Function 


Mnemonic 


Branch Always 


BRA 


Branch Never 


BRN 


Branch if Higher 


BHI 


Branch if Lower or Same 


BLS 


Branch if Carry Clear 


BCC 


Branch if Higher or Same 


BHS 


Branch if Carry Set 


BCS 


Branch if Lower 


BLO 


Branch if Not Equal 


BNE 


Branch if Equal 


BEQ 


Branch if Half Carry Clear 


BHCC 


Branch if Half Carry Set 


BHCS 


Branch if Plus 


BPL 


Branch if Minus 


BMI 


Branch if Interrupt Mask Bit is Clear 


BMC 


Branch if Interrupt Mask Bit is Set 


BMS 


Branch if Interrupt Line is Low 


BIL 


Branch if Interrupt Line is High 


BIH 


Branch to Subroutine 


BSR 



READ-MODIFY-WRITE INSTRUCTIONS 

These instructions read a memory location or a reg- 
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 



Function . 


Mnemonic 


Increment 


INC 


Decrement 


DEC 


Clear 


CLR 


Complement 


COM 


Negate (Twos Complement) 


NEG 


Rotate Left Thru Carry 


ROL 


Rotate Right Thru Carry 


ROR 


Logical Shift Left 


LSL 


Logical Shift Right 


LSR 


Arithmetic Shift Right 


ASR 


Test for Negative or Zero 


TST 


Multiply 


MUL 



CONTROL INSTRUCTIONS 

These instructions are register reference instructions 
and are used to control processor operation during pro- 
gram execution. Refer to the following list for control 
instructions. 



Function 


Mnemonic 


Transfer A to X 


TAX 


Transfer X to A 


TXA 


Set Carry Bit 


SEC 


Clear Carry Bit 


CLC 


Set Interrupt Mask Bit 


SEI 


Clear Interrupt Mask Bit 


CLI 


Software Interrupt 


SWI 


Return from Subroutine 


RTS 


Return from Interrupt 


RTI 


Reset Stack Pointer 


RSP 


No-Operation 


NOP 


Stop 


STOP 


Wait 


WAIT 
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BIT MANIPULATION INSTRUCTIONS 

The MCU is capable of setting or clearing any writable 
bit which resides in the first 256 bytes of the memory 
space where all port registers, port DDRs, timer, timer 
control, ROM, and on-chip RAM reside. An additional 
feature allows the software to test and branch on the state 
of any bit within these 256 locations. The bit set, bit clear 
and bit test, and branch functions are all implemented 
with a single instruction. Fortest and branch instructions, 
the value of the bit tested is also placed in the carry bit 
of the condition code register. Refer to the following list 
for bit manipulation instructions. 



Function 


Mnemonic 


Branch if Bit n is Set 


BRSETn(n = 0...7) 


Branch if Bit n is Clear 


BRCLR n (n = 0 . . 7) 


Set Bit n 


BSETn (n = 0 ..7) 


Clear Bit n 


BCLR n (n = 0 .7) 



OPCODE MAP SUMMARY 

Table 3 is an opcode map for the instructions used on 
the MCU. 



ADDRESSING MODES 

The MCU uses ten different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code con- 
version tables, and scaling tables anywhere in the mem- 
ory space. Short indexed accesses are single-byte 
instructions; the longest instructions (three bytes) permit 
accessing tables throughout memory. Short and long ab- 
solute addressing is also included. One- or two-byte di- 
rect addressing instructions access all data bytes in most 
applications. Extended addressing permits jump instruc- 
tions to reach all memory. 

The term "effective address" (EA) is used in describing 
the various addressing modes. Effective address is de- 
fined as the address from which the argument for an 
instruction is fetched or stored. 

IMMEDIATE 

In the immediate addressing mode, the operand is con- 
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize a loop counter). 

DIRECT 

In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 



EXTENDED 

In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. When using 
the Motorola assembler, the user need not specify whether 
an instruction uses direct or extended addressing. The 
assembler automatically selects the shortest form of the 
instruction. 

RELATIVE 

The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8- 
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from -126 to +129 from 
the opcode address. The programmer need not calculate 
the offset when using the Motorola assembler, since it 
calculates the proper offset and checks to see that it is 
within the span of the branch. 

INDEXED, NO OFFSET 

In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. This addressing mode can access the first 256 
memory locations. These instructions are only one byte 
long. This mode is often used to move a pointer through 
a table or to hold the address of a frequently referenced 
RAM or I/O location. 

INDEXED, 8-BIT OFFSET 

In the indexed, 8-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address- 
able locations and could extend as far as location 510 
($1FE is the last location at which the instruction may 
begin). 

INDEXED, 16-BIT OFFSET 

In the indexed, 16-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 
the opcode. This address mode can be used in a manner 
similar to indexed, 8-bit offset except that this three-byte 
instruction allows tables to be anywhere in memory. As 
with direct and extended addressing, the Motorola as- 
sembler determines the shortest form of indexed ad- 
dressing. 

BIT SET/CLEAR 

In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode, and the byte following 
the opcode specifies the direct addressing of the byte in 
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Table 3. Opcode Map 





Bit Manipulation 


Branch 


Read-Modify-Wnte 


Control 


Register/Memory 




BTB 


8SC 




DIR 


INH 


INH 


1X1 


IX 


INH 


INH 


IMM 


DIR 


EXT 


1X2 


1X1 


IX 


HI 


0 

0000 


1 

0001 


2 

0010 


3 

0011 


4 

0100 


S 

0101 


6 

0110 


7 


8 


9 

1001 


A 

1010 


B 

1011 


C 


D 

1101 


E 

1110 


F 
mi 




0 

oooo 


'° BRSET0 

3 BTB 


7 BSETO 

2 BSC 


BRA 

2 BEL 


6 

NEG 

2 OIR 


NEG 

2 INH 


NEG 


NEG 

2 IX1 


NEG 


9 

RTI 

1 INH 




2 SUB 

2 IMM 


SUB 

2 DIR 


SUB 

3 EXT 


6 

SUB 

3 1X2 


5 SUB 

2 IXI 


SUB 


0 

0000 


1 

0001 


BRCLRO 

3 BTB 


BCLRO 

2 BSC 


BRN 

2 REL 












6 

RTS 
INH 




2 

CMP 


CMP 

2 DIR 


5 

CMP 

3 EXT 


6 

CMP 


b 

CMP 


CMP 


1 


2 

0010 


10 BRSET1 

3 BTB 


BSET1 

2 BSC 


BHI 

2 REL 
















2 

SBC 


SBC 


SBC 


SBC 


5 

SBC 


SBC 


2 


3 

0011 


10 

BRCLR1 

3 BTB 


BCLR1 

2 BSC 


BLS 

2 REL 


COM 

2 DIR 


COMA 

1 INH 


COMX 


COM 

2 1X1 


6 

COM 


SWI 




2 

CPX 

2 IMM 


CPX 

2 DIR 


5 CPX 

3 EXT 


CPX 

3 1X2 


5 CPX 

2 1X1 


CPX 


3 

0011 


4 

0100 


10 BRSET2 

3 BTB 


BSET2 

2 BSC 


BCC 

2 REL 


LSR 

2 DIR 


LSRA 
' 


LSRX 


LSR 

2 1X1 


6 

LSR 


— 




2 

AND 

2 IMM 


AND 

2 DIR 


5 

AND 

3 EXT 


6 

AND 

3 1X2 


S 

AND 

2 1X1 


AND 


4 

0100 


5 


10 

BRCLR2 

3 BTB 


BCLR2 

2 BSC 


BCS 

2 REL 






- — 




1 






2 

BIT 

2 IMM 


BIT 

2 DIR 


5 BIT 

3 EXT 


6 

BIT 

3 1X2 


5 

BIT 


BIT 


5 


6 

0110 


'° BRSET3 

3 BTB 


BSET3 

2 BSC 


BNE 

2 REL 


ROR 

2 DIR 


RORA 


RORX 


ROR 

2 1X1 


ROR 






2 LDA 


LDA 


5 

LDA 

3 EXT 


6 

LDA 

3 1X2 


5 

LDA 

2 1X1 


LDA 


6 

0110 


7 

0111 


BRCLR3 

3 BTB 


BCLR3 

2 BSC 


BEQ 

2 REL 


6 

ASR 

2 DIR 


ASR A 

1 INH 


ASRX 


7 

ASR 

2 1X1 


6 

ASR 




2 

TAX 




5 

STA 

2 DIR 


6 

STA 

3 EXT 


7 

STA 

3 1X2 


6 

STA 

2 1X1 


STA 


7 

0111 


8 

1000 


BRSET4 

3 BTB 


7 

BSET4 

2 BSC 


BHCC 

2 REL 


6 

LSL 

2 DIR 


LSLA 


LSLX 


LSL 

2 1X1 


LSL 




CLC 


2 EOR 

2 IMM 


EOR 

2 DIR 


5 

EOR 

3 EXT 


6 

EOR 

3 1X2 


5 

EOR 

2 1X1 


EOR 


8 

1000 


9 

1001 


BRCLR4 

3 BTB 


BCLR4 

2 BSC 


BHCS 

2 REL 


6 

ROL 

2 DIR 


ROLA 

1 INH 


ROLX 


7 

ROL 

2 1X1 


6 

ROL 

1 IX 




SEC 

1 INH 


2 ADC 

2 IMM 


ADC 

2 DIR 


5 ADC 

3 EXT 


6 

ADC 

3 1X2 


5 ADC 

2 1X1 


ADC 


9 

1001 


A 

1010 


BRSET5 

3 8TB 


BSET5 

2 BSC 


BPL 

2 REL 


6 

DEC 

2 DIR 


DECA 


DECX 


DEC 

2 1X1 


DEC 




cu 

1 INH 


2 

ORA 

2 IMM 


ORA 

2 DIR 


5 

ORA 

3 EXT 


6 

ORA 

3 1X2 


ORA 

2 1X1 


ORA 

1 IX 


A 

1010 


B 


BRCLR5 

3 BTB 


BCLR5 

2 BSC 


BMI 

2 REL 














SEI 

1 INH 


2 

ADD 

2 IMM 


ADD 

2 DIR 


5 ADD 

3 EXT 


ADD 

3 1X2 


ADD 

2 1X1 


ADD 


B 

1011 


C 

1100 


10 

BRSET6 

3 BTB 


BSET6 

2 BSC 


BMC 

2 REL 


6 

INC 

2 DIR 


INCA 

1 INH 


INCX 


7 

INC 

2 1X1 


6 

INC 




RSP 




3 

JMP 

2 DIR 


JMP 

3 EXT 


5 

JMP 

3 1X2 


JMP 


JMP 


C 

1100 


D 

1101 


BRCLR6 

3 BTB 


BCLR6 

2 BSC 


BMS 

2 REL 


6 

TST 

2 DIR 


TSTA 


TSTX 


TST 


TST 




NOP 


BSR 

2 REL 


7 

JSR 

2 DIR 


8 

JSR 

3 EXT 


9 

JSR 

3 1X2 


8 

JSR 

2 1X1 


JSR 


D 

1101 


E 

1110 


BRSET7 

3 BTB 


' BSET7 

2 BSC 


BIL 

2 REL 
















2 

LDX 

2 IMM 


LDX 

2 DIR 


5 

LDX 

3 EXT 


LDX 

3 1X2 


5 

LDX 

2 IXI 


LDX 


E 

1110 


F 

mi 


10 

BRCLR7 

3 BTB 


7 BCLR7 

2 BSC 


4 

BIH 

2 REL 


6 

CLR 

2 DIR 


CLRA 


CLRX 

1 INH 


7 CLR 

2 1X1 


6 

CLR 

1 IX 




7 TXA 

1 INH 




5 STX 

2 DIR 


6 

STX 

3 EXT 


STX 

3 1X2 


6 

STX 

2 1X1 


STX 

1 IX 


F 

mi 



2 

o 

o> 

CO 

X 

o 
o 

tfl 
TJ 



Abbreviations for Address Modes 



Legend 



INH 


Inherent 


IMM 


Immediate 


DIR 


Direct 


EXT 


Extended 


REL 


Relative 


BSC 


Bit Set/Clear 


BTB 


Bit Test and Branch 


IX 


Indexed (No Offset) 


1X1 


Indexed, 1 Byte (8-Bit) Offset 


1X2 


Indexed, 2 Byte (16-Bit) Offset 



NUMBER OF CYCLES- 
MNEMONIC • 
BYTES- 





F — 




1111.* 








4 

— SUB 
1 IX 


oooo-*-" 








k 



OPCODE IN HEXADECIMAL 
OPCODE IN BINARY 

ADDRESS MODE 



MC68HC05P1 



which the specified bit is to be set or cleared. Any read/ 
write bit in the first 256 locations of memory, including 
I/O, can be selectively set or cleared with a single two- 
byte instruction. 

BIT TEST AND BRANCH 

The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 
bit that is to be tested and its condition (set or clear), is 
included in the opcode. The address of the byte to be 
tested is in the single byte immediately following the 
opcode byte. The signed relative 8-bit offset in the third 
byte is added to the PC if the specified bit is set or cleared 
in the specified memory location. This single three-byte 



instruction allows the program to branch based on the 
condition of any readable bit in the first 256 locations of 
memory. The span of branching is from -125 to +130 
from the opcode address. The state of the tested bit is 
also transferred to the carry bit of the condition code 
register. 

INHERENT 

In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in- 
structions are one byte long. 



ELECTRICAL SPECIFICATIONS 



MAXIMUM RATINGS (Voltages referenced to Vss) 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


vdd 


-0.3 to +7.0 


V 


Input Voltage 


v in 


V SS -0.3 to 

v D d +0-3 


V 


Self-Check Mode (IRQ Pin Only) 


V,n 


V S s -0.3 to 
2x V D d + 0 3 


V 


Current Drain Per Pin Excluding 

Vdd and Vss 


I 


25 


mA 


Operating Temperature Range 
MC68HC05P1P, DW 


T A 


T L to T H 
0 to +70 


°C 


Storage Temperature Range 


Tstg 


-65 to +150 


°c 



This device contains circuitry to protect the in- 
puts against damage due to high static voltages 
or electric fields; however, it is advised that nor- 
mal precautions be taken to avoid application of 
any voltage higher than maximum-rated voltages 
to this high-impedance circuit. For proper oper- 
ation, it is recommended that V m and V ou t be 
constrained to the range Vss Win or ^out) s 
Vdd Reliability of operation is enhanced if un- 
used inputs are connected to an appropriate logic 
voltage level (e.g , either Vss or Vdd)- 



THERMAL CHARACTERISTICS 



Characteristic 


Symbol 


Value 


Unit 


Thermal Resistance 


«JA 




°C/W 


Plastic 




60 




SOIC 




60 





TEST , 
POINT 



2 



(SEE TABLE) 



m 

(SEE TABLE) 



v DD = 4.5 v 



vdd 


Pins 


R1 


R2 


C 


PA7-PA0, 


3 26 kii 


2 38 kU 


50 pF 




PB7-PB5, 








I R2 


PC7-PC0 








5 (SEE TABLE) 


PD5, TCMP 









v D d = 30 v 



Pins 


R1 


R2 


C 


PA7-PA0, 
PB7-PB5, 
PC7-PC0 
PD5, TCMP 


10 91 k!» 


6 32 kU 


50 pF 



Figure 12. Equivalent Test Load 
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POWER CONSIDERATIONS 

The average chip-junction temperature, Tj, in °C can 
be obtained from: 



Tj=T A +(P D -ejA> <D 



where: 




T A 


= Ambient Temperature, °C 




= Package Thermal Resistance, 


Junction-to-Ambient, °C/W 


P D 


= p INT + P|/0 


P INT 


= Irjrj x VfjQ, Watts — Chip Internal Power 


P|/0 


= Power Dissipation on Input and Output 



Pins — User Determined 



For most applications P|/o < P|NT ana " can De neglected. 

The following is an approximate relationship between 
Pq and Tj (if P|/q is neglected): 

Pq = K-(Tj + 273°C) (2> 

Solving equations (1) and (2) for K gives: 

K = P D .(T A + 273°C) + 9jA'PD 2 (3) 
where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring Pq 
(at equilibrium) for a known T^. Using this value of K, 
the values of Pq and Tj can be obtained by solving equa- 
tions (1) and (2) iteratively for any value of T A . 



DC ELECTRICAL CHARACTERISTICS 

(Vprj = 5.0 Vdc± 10%, Vss = 0 Vdc, T/\ = Tl to T|_j, unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Output Voltage, lLoad s1 ° 0 M-A 


vol 
voh 


vdd-o.i 




0.1 


V 


Output High Voltage (see Figure 13) 
('Load = 0.8 mA) PA7-PA0, PB7-PB5, PC7-PC0, PD5, TCMP 


VOH 


vdd-o.8 






V 


Output Low Voltage (see Figure 14) 
dLoad= 1-6 mA) PA7-PA0, PB7-PB5, PC7-PC0, PD5, TCMP 


vol 






04 


V 


Input High Voltage 
PA7-PA0, PB7-PB5, PC7-PC0, PD5, PD7/TCAP, IRQ, 
RESET, OSC1 


V|H 


0.7xVdd 




V D D 


V 


Input Low Voltage 
PA7-PA0, PB7-PB5, PC7-PC0, PD5, PD7/TCAP, IRQ, 
RESET, OSC1 


V|L 


vss 




0.2xV D D 


V 


Data Retention Mode (0° to 70°C) 


VRM 


2.0 






V 


Supply Current (see Notes) 
Run (see Figures 15 and 16) 
Wait (see Figures 15 and 16) 
Stop (see Figure 16) 
25°C 

0° to 70°C (Standard) 


Idd 




3.5 
1.6 

2.0 


7.0 
4.0 

50 
140 


mA 
mA 

(*A 
(iA 


I/O Ports Hi-Z Leakage Current 
PA7-PA0, PB7-PB5, PC7-PC0, PD5 


IlL 






±10 


^A 


Input Current 
RESET, IRQ, OSC1, PD5, PD7/TCAP 


l,n 






±1 


IxA 


Capacitance 
Ports (as Input or Output) 
RESET, IRQ, PD5, PD7/TCAP 


Cout 
C,n 






12 
8 


PF 



NOTES. 

1. All values shown reflect average measurements. 

2. Typical values at midpoint of voltage range, 25°C only. 

3. Run (Operating) Idd- Wait Idd : Measured using external square wave clock source (f osc = 4.2 MHz), all inputs 0.2 V from rail; 
no dc loads, less than 50 pF on all outputs, Cl = 20 pF on OSC2. 

4. Wait, Stop Idd : AH ports configured as inputs, V||_ = 0.2 V, V|h = Vdd _ 0.2 V. 

5. Stop Idd measured with OSC1 =Vss- 

6. Standard temperature range is 0° to 70°C. 

7. Wait Idd is affected linearly by the OSC2 capacitance. 
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DC ELECTRICAL CHARACTERISTICS 

(Vdd = 3 3 Vdc± 10%, Vss = 0 Vdc, Ta = T|_ to Th, unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Output Voltage, lLoad 5510 0 M- A 


vol 

V 0 H 


vdd-oi 




0 1 


V 


Output High Voltage (see Figure 13) 
dLoad = 0.2 mA) PA7-PA0, PB7-PB5, PC7-PC0, PD5, TCMP 


VOH 


vdd-03 






V 


Output Low Voltage (see Figure 14) 
(| Load = 0 4 mA) PA7-PA0, PB7-PB5, PC7-PC0, PD5, TCMP 


vol 




— 


0.3 


V 


Input High Voltage 
PA7-PA0, PB7-PB5, PC7-PC0, PD5, PD7/TCAP, IRQ, 
RESET, OSC1 


V|H 


0.7xV DD 




V D D 


V 


Input Low Voltage 
PA7-PA0, PB7-PB5, PC7-PC0, PD5, PD7/TCAP, IRQ, 
RESET, OSC1 


VlL 


vss 


- 


0.2xV D D 


V 


Data Retention Mode (0° to 70°C) 


Vrm 


2.0 






V 


Supply Current (see Notes) 
Run (see Figures 15 and 17) 
Wait (see Figures 15 and 17) 
Stop (see Figure 17) 
25°C 

0° to 70°C (Standard) 


Idd 




1 0 
0.5 

1 0 


2 5 
1.4 

30 
80 


mA 
mA 

M-A 


I/O Ports Hi-Z Leakage Current 
PA7-PA0, PB7-PB5, PC7-PC0, PD5 


IlL 






±10 


txA 


Input Current 
RESET, IRQ, OSC1, PD5, PD7/TCAP 


lin 






±1 


HA 


Capacitance 
Ports (as Input or Output) 
RESET, IRQ, PD5, PD7/TCAP 


Cout 
Cm 






12 
8 


pF 



NOTES: 

1 All values shown reflect average measurements. 

2. Typical values at midpoint of voltage range, 25°C only. 

3 Run (Operating) Idd* Wait Idd Measured using external square wave clock source (f osc = 4.2 MHz), all inputs 0.2 V from rail; 
no dc loads, less than 50 pF on all outputs, C|_ = 20 pF on OSC2 

4 Wait, Stop Idd All ports configured as inputs, V|l = 0.2 V, V|h = Vdd-° 2 V. 
5. Stop Idd measured with OSC1 =Vss- 

6 Standard temperature range is 0° to 70°C. 

7 Wait Idd is affected linearly by the OSC2 capacitance. 
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DC ELECTRICAL CHARACTERISTICS 

( Vqd = 5 0 Vdc ± 1 0% - V SS = 0 Vdc, T A = T L t0 Th, unless otherwise noted) 




Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Output Voltage, iLoad^ 10 0 M- A 


vol 

V 0 H 


vdd-o.i 




0.1 


V 


Output High Voltage (see Figure 13) 
(l|_oad = 0.8 mA) PA7-PA0, PB7-PB5, PC7-PC0, PD5, TCMP 


VOH 


VdD-0.8 






V 


Output Low Voltage (see Figure 14) 
('Load = 1-6 mA) PA7-PA0, PB7-PB5, PC7-PC0, PD5, TCMP 


vol 


— 


— 


04 


V 


Input High Voltage 
PA7-PA0, PB7-PB5, PC7-PC0, PD5, PD7/TCAP, IRQ, 
RESET, 0SC1 


V| H 


07xV D D 


— 


VDD 


V 


Input Low Voltage 

PA7-PA0, PB7-PB5, PC7-PC0, PD5, PD7/TCAP, IRQ, 
RESET, OSC1 


V|L 


VSS 




0.2xV DD 


V 


Data Retention Mode (0° to 7CTC) 


Vrm 


2.0 






v 


Supply Current (see Notes) 
Run (see Figures 15 and 16) 
Wait (see Figures 15 and 16) 
Stop (see Figure 16) 
25°C 

0" to 70'C (Standard) 


'dd 


— 


3.5 
1.6 

2 0 


7 0 
4.0 

50 
140 


mA 
mA 

liA 
^A 


I 0 Ports Hi-Z Leakage Current 
PA7-PA0, PB7-PB5, PC7-PC0, PD5 


IlL 






±10 


nA 


Input Current 
RESET, IRQ, OSC1, PD5, PD7/TCAP 


■in 






±1 


M.A 


Capacitance 
Ports (as Input or Output) 
RESET, IRQ, PD5, PD7/TCAP 


c out 
Cm 






12 

8 


pF 



NOTES: 

1 All values shown reflect average measurements. 

2 Typical values at midpoint of voltage range, 25°C only 

3 Run (Operating) ![)□• Wait 'DD- Measured using external square wave clock source (f osc = 4.2 MHz), all inputs 0 2V from rail; 
no dc loads, less than 50 pF on all outputs, C|_ = 20 pF on OSC2 

4 Wait, Stop Idd : Al1 P° rts configured as inputs, V||_ = 0.2 V, V|h = Vdd _ 0 2 V. 

5 Stop Iqd measured with OSC1 = VgS- 

6 Standard temperature range is 0° to 70°C. 

7. Wait Iqd is affected linearly by the OSC2 capacitance. 
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Figure 13. Typical VfjH vs IrjH for Ports A, B, C, and TCMP "J^ T " ^ ^ ^ 

V 0L (VOLTS) 

Figure 14. Typical Vql vs Iql 'or All Ports 




1 1 1 1 o H 1 1 1 

0 05 10 15 20 0 05 10 15 20 

INTERNAL FREQUENCY 1/tcycle (MHz) INTERNAL FREQUENCY 1/tcycle (MHz) 

Figure 15. Typical Current vs Internal Frequency for Run and Wait Modes 
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CONTROL TIMING 

(Vdd = 5.0 Vdc ± 1 0%, Vss = 0 Vdc, Ta = T|_ to Th) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Frequency of Operation 


fosc 






MHz 


Crystal Option 






4 2 




External Clock Option 




dc 


4.2 




Internal Operating Frequency 


fop 






MHz 


Crystal (f 0S c- 2 > 




2.1 




External Clock (fosc - 2) 




dc 


2.1 




Cycle Time (see Figure 20) 


tcyc 


480 




ns 


Crystal Oscillator Startup Time (see Figure 20) 


tQXOV 




100 


ms 


Stop Recovery Startup Time (Crystal Oscillator) (see Figure 18) 


tlLCH 




100 


ms 


RESET Pulse Width (see Figure 20) 


tRL 


1.5 




l cyc 


Timer 










Resolution** 


tRESL 


4.0 




tcyc 


Input Capture Pulse Width (see Figure 19) 


tTH- tTL 


125 




ns 


Input Capture Pulse Period (see Figure 19) 


tTLTL 






tcyc 


Interrupt Pulse Width Low (Edge-Triggered) (see Figure 8) 


tILIH 


125 




ns 


Interrupt Pulse Period (see Figure 8) 


tlLIL 






tcyc 


OSC1 Pulse Width 


tOH- tOL 


90 




ns 



*The minimum period t||_||_ should not be less than the number of cycle times it takes to execute the interrupt service routine plus 
21 t C y C . 

**Smce a 2-bit prescaler in the timer must count four internal cycles (t cyc ), this is the limiting minimum factor in determining the 
timer resolution. 

***The minimum period tj|_j|_ should not be less than the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 t C y C . 



0SC1 



RESET 



^"^777777777777 




IRQ 3 "^S^ 















: 

— 'ILCH *■ 


-« 4064 t cyc *- 





rLnAnrLTLT 

xz 




NOTES: 

1. Represents the internal gating of the OSC1 pin 

2 IRQ pin edge-sensitive mask option 

3 IRQ pin level- and edge-sensitive mask option. 

4 RESET vector address shown for timing example 



RESET OR INTERRUPT 
VECTOR FETCH 



Figure 18. Stop Recovery Timing Diagram 
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CONTROL TIMING 

(V DD = 3.3 Vdc±10%, Vss = 0 Vdc, T A = T L to T H ) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Frequency of Operation 


f osc 






MHz 


Crystal Option 






2.0 




External Clock Option 




dc 


2.0 




Internal Operating Frequency 


T op 






MHz 


Crvstal (f„,. 2) 




1.0 




CXlUllldl V^IOCK (loSC ^' 




dc 


1 g 




Cycle Time (see Figure 20) 


tcyc 


1000 


— 


ns 


Crystal Oscillator Startup Time (see Figure 20) 


toxov 


— 


100 


ms 


Stop Recovery Startup Time (Crystal Oscillator) (see Figure 18) 


tILCH 


— 


100 


ms 


RESET Pulse Width — Excluding Power-Up (see Figure 20) 


tRL 


1.5 




*cyc 


Timer 










Resolution** 


tRESL 


4.0 




tcyc 


Input Capture Pulse Width (see Figure 19) 


tTH- l TL 


250 




ns 


Input Capture Pulse Period (see Figure 19) 


tTLTL 






tcyc 


Interrupt Pulse Width Low (Edge-Triggered) (see Figure 8) 


t ILIH 


250 




ns 


Interrupt Pulse Period (see Figure 8) 


tlLIL 






tcyc 


OSC1 Pulse Width 


tOH- tQL 


200 




ns 



*The minimum period t||_||_ should not be less than the number of cycle times it takes to execute the interrupt service routine plus 
21 'eye- 

**Since a 2-bit prescaler in the timer must count four internal cycles (t cyc ), this is the limiting minimum factor in determining the 
timer resolution. 

***The minimum period tjLTL should not be less than the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 t cyc . 



EXTERNAL 
SIGNAL 
(TCAP 
PIN 37) 



|^ — tTLTL — »j — *\ t T H |«— — >j t T L |< 

J LJ L_r~LJ LJ U~L 



Figure 19. Timer Relationships 
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WDDR 



VDD 



Vqd THRESHOLD (1-2 V TYPICAL) 

osc** \^r77t"\/////////////////////////////////////////////////777777T/ 



INTERNAL 
PROCESSOR 
CLOCK* 



INTERNAL 
ADDRESS 
BUS* 



INTERNAL 
DATA 
BUS* 



RESET 



tQXOV 



'eye | 
— tJ 



l cyc ■ 



2 

o 

o> 

CO 

o 
o 
Ul 
-a 











* * * 





*lnternal timing signal and bus information not available externally. 

**OSC1 line is not meant to represent frequency It is only used to represent time 

***The next rising edge of the internal processor clock following the rising edge of RESET initiates the reset sequence 



Figure 20. Power-On Reset and RESET 



CO 



MC68HC05P1 




ORDERING INFORMATION 

The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo- 
torola in the following media: 

MDOS®, disk file 

MS®-DOS/PC-DOS disk file (360K) 

EPROM(s) 2764, MCM68764, MCM68766, or EEPROM 

MC68HC805C4 
To initiate a ROM pattern for the MCU, it is necessary 
to first contact the local field service office, a sales person, 
or a Motorola representative. 

FLEXIBLE DISKS 

A flexible disk (MS-DOS/PC-DOS disk file), pro- 
grammed with the customer's program (positive logic 
sense for address and data), may be submitted for pattern 
generation. The diskette should be clearly labeled with 
the customer's name, data, project or product name, and 
the name of the file containing the pattern. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 

MS-DOS/PC-DOS Disk File 

MS-DOS is Microsoft's Disk Operating System. PC-DOS 
is the IBM* Personal Computer (PC) Disk Operating Sys- 
tem. Disk media submitted must be a standard density 
(360K) double-sided 5 1/4 inch compatible floppy diskette. 
The diskette must contain object file code in Motorola's 
S-record format. The S-record format is a character-based 
object file format generated by M6805 cross assemblers 
and linkers on IBM PC style machines. 

EPROMs 

A 2764, 68764, or 68766 type EPROM, programmed 
with the customer's program (positive logic sense for 
address and data), may be submitted for pattern gener- 
ation. Since all program and data space information will 
fit on one 2764, 68764, or 68766 EPROM device, the EPROM 
must be programmed as described in the following par- 
agraphs. 

For an MC68HC805C4 MCU start the page zero, user 
ROM at EEPROM address $0020 through $004F. Start the 
user ROM at EEPROM address $0100 through $08FF with 
vectors from $1 FF0 to $1 FFF. All unused bytes, including 
the user's space, must be set to zero. For shipment to 
Motorola, EPROMs should be placed in a conductive IC 



carrier and packed securely. Styrofoam is not acceptable 
for shipment. 




xxx = CUSTOMER ID 



Verification Media 

All original pattern media (EPROMs or floppy disks) are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked, and the verification form 
should be completed, signed, and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for the creation of the customer mask. To aid 
in the verification process, Motorola will program cus- 
tomer supplied blank EPROM(s) or DOS disks from the 
data file used to create the custom mask. 

ROM VERIFICATION UNITS (RVUs) 

Ten MCUs containing the customer's ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask, but are for the pur- 
pose of ROM verification only. For expediency, the MCUs 
are unmarked, packaged in ceramic, and tested with five 
volts at room temperature. These RVUs are free with the 
minimum order quantity, but are not production parts. 
RVUs are not backed or guaranteed by Motorola Quality 
Assurance. 

ORDERING INFORMATION 

The following table provides ordering information per- 
taining to the package type, temperature, and MC order 
numbers for the MC68HC05P1 device. 



Package Type 


Temperature 


MC Order Number 


Plastic 
(P Suffix) 


0°Cto + 70°C 


MC68HC05P1P 


SOIC 
(DW Suffix) 


0°C to +70°C 


MC68HC05P1DW 



MDOS is a trademark of Motorola Inc. 
MS is a trademark of Microsoft, Inc. 

IBM is a registered trademark of International Business Machines Corporation. 
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PIN ASSIGNMENTS 



28-PIN DUAL-IN-LINE PACKAGE AND 
28-PIN SOIC PACKAGE 



RESET [ 


1 • 


28 


] v DD 


IRQ [ 


2 


27 


]osci 


PA7 [ 


2 


7R 
10 




PA6 [ 


4 


25 


] TCAP/PD7 


PA5 [ 


5 


24 


]tcmp 


PA4 [ 


6 


23 


] PD5 


PA3[ 


7 


22 
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Technical Summary 

8-Bit Microcontroller Unit 

The MC68HCL05C4 (HCMOS) microcontroller unit (MCU) is a member of the M68HC05 Family of 
microcontrollers. This high-performance, low-power MCU has parallel I/O capability with pins pro- 
grammable as input or output. This publication contains condensed information on the MCU; for 
more detailed information, contact your local Motorola sales office. 

The following block diagram for depicts the hardware features; additional features available on 
the MCU are as follows: 

• On-Chip Oscillator with RC or Crystal/Ceramic Resonator Mask Options 

• Memory Mapped I/O 

• 176 Bytes of On-Chip RAM 

• 4156 Bytes of User ROM 

• 24 Bidirectional I/O Lines and 7 Input-Only Lines 

• Serial Communications Interface (SCI) System 

• Serial Peripheral Interface (SPI) System 

• Self-Check Mode 

• Power-Saving STOP, WAIT, and Data Retention Modes 

• Single 3.0- to 5.5-Volt Supply (2-Volt Data Retention Mode) 

• Fully Static Operation 

• 8x8 Unsigned Multiply Instruction 
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This document contains information on a new product Specifications and information herein are subject to change without notice. 



MOTOROLA MICROPROCESSOR DATA 
3-1012 



MC68HCL05C4 



SIGNAL DESCRIPTION 

The signal descriptions of the MCU are discussed in 
the following paragraphs. 

VDD ANDVss 

Power is supplied to the microcontroller using these 
two pins. Vqd !S the positive supply, and Vss ' s ground. 

IRQ 

This pin is a programmable option that provides two 
different choices of interrupt triggering sensitivity. Refer 
to INTERRUPTS for more detail. 

OSC1, OSC2 

These pins provide control input for an on-chip clock 
oscillator circuit. A crystal, a ceramic resonator, a resistor 
capacitor combination, or an external signal connects to 
these pins providing a system clock. A mask option se- 
lects either a crystal/ceramic resonator or a resistor/ca- 
pacitor as the frequency determining element. The 
oscillator frequency is two times the internal bus rate. 

Crystal 
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RC Oscillator 

With this option, a resistor is connected to the oscillator 
pins as shown in Figure 1(d). The relationship between 
R and f osc is shown in Figure 2. 

Crystal 

The circuit shown in Figure 1(b) is recommended when 
using a crystal. Using an external CMOS oscillator is rec- 
ommended when crystals outside the specified ranges 
are to be used. The crystal and components should be 
mounted as close as possible to the input pins to mini- 
mize output distortion and start-up stabilization time. Re- 
fer to ELECTRICAL SPECIFICATIONS for Vqd 
specifications. 

Ceramic Resonator 

A ceramic resonator may be used in place of the crystal 
in cost-sensitive applications. The circuit in Figure 1(b) is 
recommended when using a ceramic resonator. Figure 
1(a) lists the recommended capacitance and resistance 

Ceramic Resonator 





2-4 MHz 


Units 


Rg (typical) 


10 


Q 


CO 


40 


PF 


C1 


4 3 


pF 


COSC1 


30 


pF 


COSC2 


30 


PF 


R P 


1-10 




Q 


1250 






(a) Crystal/ Ceramic Resonator Parameters 
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(c) Equivalent Crystal Circuit 
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Figure 1. Oscillator Connections 
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Resistance (kw) 



500 1000 



Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option Only 



values. The manufacturer of the resonator considered 
should be consulted for specific information on resonator 
operation. 

External Clock 

An external clock should be applied to the OSC1 input 
with the OSC2 input not connected, as shown in Figure 
1(e). This option may only be used with the crystal os- 
cillator mask option. 

INPUT CAPTURE (TCAP) 

This pin controls the input capture feature for the on- 
chip programmable timer. 

OUTPUT COMPARE (TCMP) 

This pin provides an output for the output compare 
feature of the on-chip timer. 



RESET 

This pin is used to reset the MC U and p rovide an or- 
derly start-up procedure by pulling RESET low. 

INPUT/OUTPUT PORTS (PA0-PA7, PB0-PB7, PC0-PC7) 

These 24 lines are arranged into three 8-bit ports (A, 
B, and C). These ports are programmable as either inputs 
or outputs under software control of the data direction 
registers. Refer to PROGRAMMING for additional infor- 
mation. 

FIXED INPUT PORT (PD0-PD5, PD7) 

These seven lines comprise port D, a fixed-input port. 
All special functions that are enabled (SPI, SCI) affect this 
port. Refer to PROGRAMMING for additional information. 



PROGRAMMING 

Input/output port progrmming, fixed input port pro- 
gramming, and serial port programming are discussed 
in the following paragraphs. 



INPUT/OUTPUT PORT PROGRAMMING 

Any port pin is programmable as either an input or an 
output under software control of the corresponding data 
direction register (DDR). Each port bit can be selected as 
output or input by writing the corresponding bit in the 
port DDR to a logic one for output and logic zero for input. 
On reset, all DDRs are initialized to logic zero to put the 
ports in the input mode. The port output registers are not 
initialized on reset but may be written to before setting 
the DDR bits to avoid undefined levels. 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Refer to 
Figure 3 for typical port circuitry and to Table 1 for a list 
of the I/O pin functions. 

Table 1. I/O Pin Functions 



R/W* 


DDR 


I/O Pin Functions 


0 


0 


The I/O pin is in input mode. Data is 
written into the output data latch. 


0 


1 


Data is written into the output data latch 
and output to the I/O pin. 


1 


0 


The state of the I/O pin is read. 


1 


1 


The I/O pin is in an output mode. The 
output data latch is read. 



*R/W is an internal signal. 



FIXED INPUT PORT PROGRAMMING 

Port D is a fixed input port (PD0-PD5, PD7) that monitors 
the external pins whenever the SCI or SPI is disabled. 
After reset, all seven bits become valid inputs because 
all special function drivers are disabled. For example, 
with the SCI enabled, PD0 and PD1 inputs will read zero. 
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Output Data 
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I/O 
Pin 



Figure 3. Typical Port I/O Circuit 



With the SPI disabled, PD2 through PD5 will read the state 
of the pin at the time of the read operation. 

NOTE 

Any unused inputs and I/O ports should be tied to 
an appropriate logic level (e.g., either Vqd or VSS)- 

SERIAL PORT (SCI AND SPI) PROGRAMMING 

The SCI and SPI use the port D pins for their functions. 
The SCI requires two pins (PD0-PD1) for its receive data 
input (RDI) and transmit data output (TDO), respectively. 
The SPI function requires four of the pins (PD2-PD5) for 
its serial data input/output (MISO), serial data output/ 
input (MOSI), serial clock (SCK), and slave select (SS), 
respectively. 

MEMORY 

The MCU is capable of addressing 81 92 bytes of mem- 
ory and I/O registers, as shown in Figure 4. The locations 
consist of user ROM, user RAM, self-check ROM, control 
registers, and I/O. The user-defined reset and interrupt 
vectors are located from $1FF4 to $1 FFF. 

The shared stack area is used during processing of an 
interrupt or subroutine call to save the CPU state. The 
stack pointer decrements during pushes and increments 
during pulls. Refer to INTERRUPTS for additional infor- 
mation. 

NOTE 

Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. 

REGISTERS 

The MCU contains the registers described in the fol- 
lowing paragraphs. 

ACCUMULATOR (A) 

The accumulator is a general-purpose 8-bit register used 
to hold operands and results of arithmetic calculations 
or data manipulations. 



INDEX REGISTER (X) 

The index register is an 8-bit register used for the in- 
dexed addressing mode. It contains an 8-bit value that 
may be added to an 8- or 16-bit immediate value to create 
an effective address. The index register may also be used 
as a temporary storage area. 

7 0 



PROGRAM COUNTER (PC) 

The program counter is a 13-bit register that contains 
the address of the next byte to be fetched. 

12 0 



PC 



STACK POINTER (SP) 

The stack pointer is a 13-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set to location $00FF. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

When accessing memory, the seven most significant 
bits are permanently set to 000001 1 . These seven bits are 
appended to the six least significant register bits to pro- 
duce an address within the range of $00FF to $00C0. 
Subroutines and interrupts may use up to 64 (decimal) 
locations. If 64 locations are exceeded, the stack pointer 
wraps around and loses the previously stored informa- 
tion. A subroutine call occupies two locations on the stack, 
while an interrupt uses five locations. 

12 7 0 
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SP 
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$0000 



$001 F 
$0020 



$004 F 
$0050 



$00 BF 
$O0C0 



$00FF 
$0100 



$10FF 
$1100 



$1 EFF 
$1F00 



$1 FDF 
$1FE0 



$1FEF 
$1FF0 



$1FF3 
$1FF4 



$ 1 FFF 



I/O 
32 Bytes 



User 
ROM 
48 Bytes 



0000 



0031 
^0032 

\ 

\ 

0079 
0080 



RAM 
176 Bytes 



Stack 
64 Bytes 



User 
ROM 
4096 Bytes 



Unused 
3584 Bytes 



Self Check 



Self-Check 
Vectors 



Unused 
4 Bytes 



User 
Vectors 
12 Bytes 



\ 



0191 
0192 



0255 
0256 



4351 
4352 



7935 
7936 



8175 
8176 



8191 J 



256 Bytes 



Ports 
7 Bytes 



Unused 
3 Bytes 



Serial Peripheral 
Interface 
3 Bytes 



Serial 
Communications 
Interface 
5 Bytes 



Timer 
10 Bytes 



Unused 
4 Bytes 



0031 



Port A Data Register 


$00 


Port B Data Register 


$01 


Port C Data Register 


$02 


Port D Fixed Input Register 


$03 


Port A Data Direction Register 


$04 


Port B Data Direction Register 


$05 


Port C Data Direction Register 


$06 


Unused 


$07 


Unused 


$08 


Unused 


$09 


Serial Peripheral Control Register 


$0A 


Serial Peripheral Status Register 


$0B 


Serial Peripheral Data I/O Register 


$0C 


Serial Communications Baud Rate Register 


$0D 


Serial Communications Control Register 1 


$0E 


Serial Communications Control Register 2 


$0F 


Serial Communications Status Register 


$10 


Serial Communications Data Register 


$11 


Timer Control Register 


$12 


Timer Status Register 


$13 


Input Capture High Register 


$14 


Input Capture Low Register 


$15 


Output Compare High Register 


$16 


Output Compare Low Register 


$17 


Counter High Register 


$18 


Counter Low Register 


$19 


Alternate Counter High Register 


$1A 


Alternate Counter Low Register 


$1B 


Unused 


$1C 


Unused 


$1D 


Unused 


$1E 


Unused 


$1F 



Figure 4. Memory Map 



CONDITION CODE REGISTER (CCR) 

The CCR is a 5-bit register in which four bits are used 
to indicate the results of the instruction just executed. 
These bits can be individually tested by a program, and 
specific actions can be taken as a result of their state. 
Each bit is explained in the following paragraphs. 



H 


I 


N 


Z 


c 



Half Carry (H) 

This bit is set during ADD and ADC operations to in- 
dicate that a carry occurred between bits 3 and 4. 

Interrupt (I) 

When this bit is set, the timer and external interrupt is 
masked (disabled). If an interrupt occurs while this bit is 



set, the interrupt is latched and processed as soon as the 
interrupt bit is cleared. 

Negative (N) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative 
(bit 7 in the result is a logic one). 

Zero (Z) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 

Carry/Borrow (C) 

When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 
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last arithmetic operation. This bit is also affected during 
bit test and branch instructions, and during shifts and 
rotates. 



SELF-CHECK 

The self-check capability provides the ability to deter- 
mine if the device is functional. Self-check is performed 
using the circuit shown in Figure 5. Port C pins PC0-PC3 
are monitored for the self-check results. After reset, the 
following seven tests are performed automatically: 
I/O — Exercise of ports A, B, and C 
RAM — Counter test for each RAM byte 
ROM — Exclusive OR with odd ones parity result 
Timer — Tracks counter register and checks OCFflag 
Interrupts — Tests external, timer, SCI and SPI in- 
terrupts 

SCI — Transmission test; checks RDRF, TDRE, TC, 
and FE flags 

SPI — Transmission test; checks SPIF, WCOL, and 
MODF flags 

Self-check results (using the LEDs as monitors) are 
shown in Table 2. The following subroutines are available 
to the user and do not require any external hardware. 



Table 2. Self-Check Results 



PC3 


PC2 


PC1 


PCO 


Remarks 




0 


0 


1 


Bad I/O 




0 


1 


0 


Bad RAM 




0 


1 


1 


Bad Timer 




1 


0 


0 


Bad SCI 




1 


0 


1 


Bad ROM 




1 


1 


0 


Bad SPI 




1 


1 


1 


Bad Interrupts or IRQ Request 


Flashing 


Good Device 


All Others 


Bad Device, Bad Port C, etc 



0 indicates LED is on; 1 indicates LED is off 

TIMER TEST SUBROUTINE 

This subroutine returns with the Z bit cleared if any 
error is detected; otherwise, the Z bit is set. The timer 
test subroutine is called at location $1FOE. The output 
compare register is first set to the current timer state. 
Because the timer is free running and has only a divide- 
by-four prescaler, each timer count cannot be tested. The 
test reads the timer once every 10 counts (40 cycles) and 





NOTE The RC Oscillator Option may also be used in this circuit 

Figure 5. Self-Check Circuit Schematic Diagram 
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checks for correct counting. The test tracks the counter 
until the timer wraps around, triggering the output com- 
pare flag in the timer status register. RAM locations $0050 
and $0051 are overwritten. Upon return to the user's pro- 
gram, X = 40. If the test passed, A = 0. 

ROM CHECKSUM SUBROUTINE 

This subroutine returns with the Z bit cleared if any 
error is detected; otherwise, the Z bit is set. The ROM 
checksum subroutine is called at location $1 F93 with RAM 
location $0053 equal to $01 and A = 0. A short routine is 
set up and executed in RAM to compute a checksum of 
the entire ROM pattern. RAM locations $0050 through 
$0053 are overwritten. Upon return to the user's program, 
X = 0. If the test passed, A = 0. 



RESETS 

The MCU can be reset two ways: b y init ial pow er-up 
and by the external reset input (RESET). The RESET in put 
cons ists mainly of a Schmitt trigger that senses the RE- 
SET line logic level. 

POWER-ON RESET (POR) 

An internal reset is generated on power-up to allow 
the internal clock generator to stabilize. The power-on 
reset is strictly for power turn-on conditions and should 
not be used to detect a drop in the power supply voltage. 
There is a 4064 internal processor clock cyc le (t C y C ) delay 
after the oscillator becomes active. If the RESET pin is 
low at the end of 40 46 t cvc , the MCU will remain in the 
reset condition until RESET goes high. 

EXTERNAL RESET INPUT 

The MCU is reset when a logic zero is applied to the 
RESET input for a period of one and one-half machine 
cycles (t cyc ). 



INTERRUPTS 

The MCU can be interrupted five different ways: the 
four maskable hardware interrupts (IRQ, SPI, SCI, and 



timer) and the nonmaskable software interrupt instruc- 
tion (SWI). 

Interrupts cause the processor to save register contents 
on the stack and to set the interrupt mask (I bit) to prevent 
additional interrupts. The RTI instruction causes the reg- 
ister contents to be recovered from the stack and normal 
processing to resume. The stacking order is shown in 
Figure 6. 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted but are con- 
sidered pending until the current instruction is complete. 

NOTE 

The current instruction is the one already fetched 
and being operated on. 

When the current instruction is complete, the processor 
checks all pending hardware interrupts. If unmasked (I 
bit clear) and if the corresponding interrupt enable bit is 
set, the processor proceeds with interrupt processing; 
otherwise, the next instruction is fetched and executed. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex- 
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction, regardless of the l-bit state. 
Refer to Figure 7 for the reset and interrupt instruction 
processing sequence. 

TIMER INTERRUPT 

There are three different timer interrupt flags that cause 
a timer interrupt whenever they are set and enabled. The 
interrupt flags are in the timer status register (TSR), and 
the enable bits are in the timer control register (TCR). 
Refer to TIMER for more information. 

EXTERNAL INTERRUPT 

If the interrupt mask bit (I bit) of the CCR is set, all 
interrupts are disabled. Clearing the I bit enables the ex- 
ternal interrupt. The external interrupt is internally syn- 
chronized and then latched on the falling edge of IRQ. 
The action of the external interrupt is identical to the timer 
interrup t wi th the exception that the interrupt request 
input at IRQ is latched internally and the service routine 
address is specified by the contents of $1 FFA and $1 FFB. 
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Figure 6. Interrupt Stacking Order 
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Figure 7. Reset and Interrupt Processing Flowchart 
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Either a level-sensitive and edge-sensitive trigger, or 
an edge-sensitive only trigger are available as a mask 
option. Figure 8 shows both a functional internal diagram 
and a mode timing diagram for the interrupt line. The 
timing diagram shows two treatments of the interrupt 
line to the processor. The first method shows a single 
pulse on the interrupt line spaced far enough apart to be 
serviced. The minimum time between pulses is a function 
of the length of the interrupt service. Once a pulse occurs, 
the next pulse should not occur until an RTI occurs. This 
time (t|UL> ts obtained by adding 21 instruction cycles to 
the total number of cycles it takes to complete the service 



routine (not including the RTI instruction). The second 
method shows many interrupt lines "wire-ORed" to form 
the interrupts at the processor. If the interrupt line re- 
mains low after servicing an interrupt, then the next in- 
terrupt is recognized. 

NOTE 

The internal interrupt latch is cleared in the first part 
of the interrupt service routine; therefore, one ex- 
ternal interrupt pulse could be latched and serviced 
as soon as the I bit is cleared. 
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(a) Interrupt Function Diagram 
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Edge-Sensitive Trigger Condition 

The minimum pulse width (t||_||-|l IS either 
125ns(V DD = 5V)or250ns(V DD = 3V) 
The period t||_||_ should not be less than 
the number of t cvc cycles it takes to ex- 
ecute the interrupt service routine plus 21 
t cyc cycles 

Level-Sensitive Trigger Condi tion 

If after servicing an interrupt the IRQ re- 
mains low, then the next interrupt is 
recognized 



Normally 
Used with 
Wire-ORed 
Connection 



(b) Interrupt Mode Diagram 
Figure 8. External Interrupt 
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SOFTWARE INTERRUPT (SWI) 

The SWI is an executable instruction that is executed 
regardless of the state of the I bit in the CCR. If the I bit 
is zero, SWI executes after the other interrupts. The SWI 
operation is similar to the hardware interrupts. The in- 
terrupt service routine address is specified by the con- 
tents of memory locations $1FFC and $1FFD. 

SCI INTERRUPTS 

An interrupt in the SCI occurs when one of the interrupt 
flag bits in the serial communications status register is 
set, provided the I bit in the CCR is clear and the enable 
bit in the serial communications control register 2 is set. 
Software in the serial interrupt service routine must de- 
termine the cause and priority of the SCI interrupt by 
examining the interrupt flags and status bits in the SCI 
status register. 

SPI INTERRUPTS 

An interrupt in the SPI occurs when one of the interrupt 
flag bits in the serial peripheral status register is set. 



c 



provided the I bit in the CCR is clear and the enable bit 
in the serial peripheral control register is set. Software 
in the serial peripheral interrupt service routine must de- 
termine the cause and priority of the SPI interrupt by 
examining the interrupt flag bits in the SPI status register. 

LOW-POWER MODES 

STOP 

The STOP instruction places the MCU in its lowest power 
consumption mode. In the STOP mode, the internal os- 
cillator is turned off, halting all internal processing in- 
cluding timer, SCI, and SPI operation (refer to Figure 9). 

During the STOP mode, the TCR bits are altered to 
remove any pending timer interrupt request and to dis- 
able any further timer interrupts. The timer prescaler is 
cleared. The I bit in the CCR is cleared to enable external 
interrupts. All other registers and memory remain unal- 
tered. All input/output lines remain unchanged. The pro- 
cessor can be brought out of the STOP mode only by an 
external interrupt or reset. 



Stop 




Stop Oscillator 
And All Clocks 



Clear I Bit 




J 

(1) Fetch Reset Vector or 

(2) Service Interrupt 
a Stack 

b Set I Bit 
c Vector to Interrupt 
Routine 



Figure 9. STOP Function Flowchart 
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SCI During STOP Mode 

When the MCU enters the STOP mode, the baud rate 
generator stops, halting all SCI activity. If the STOP in- 
struction is executed during a transm itter transfer, that 
transfer is halted. If a low input to the IRQ pin is used to 
exit STOP mode, the transfer resumes. If the SCI receiver 
is receiving data and the STOP mode is entered, received 
data sampling stops because the baud rate generator 
stops, and all subsequent data is lost. For these reasons, 
all SCI transfers should be in the idle state when the STOP 
instruction is executed. 

SPI During STOP Mode 

When the MCU enters the STOP mode, the baud rate 
generator stops, terminating all master mode SPI oper- 
ations. If the STOP instruction is executed during an SPI 
transfer, that transfer halts until the MCU exits the STOP 
mode by a low signal on the IRQ pin. If reset is used to 
exit the STOP mode, then the SPI control and status bits 
are cleared, and the SPI is disabled. If the MCU is in the 
slave mode when the STOP instruction is executed, the 
slave SPI continues to operate. It can still accept data and 
clock information in addition to transmitting its own data 
back to a master device. 

WAIT 

The WAIT instruction places the MCU in a low-power 
consumption mode, but the WAIT mode consumes more 
power than the STOP mode. All CPU action is suspended, 
but the timer, SCI, and SPI remain active; refer to Figure 
10. An interrupt from the timer, SCI, or SPI can cause the 
MCU to exit the WAIT mode. 

During the WAIT mode, the I bit in the condition code 
register is cleared to enable interrupts. All other registers, 
memory, and input/output lines remain in their previous 
state. The timer may be enabled to allow a periodic exit 
from the WAIT mode. 

DATA RETENTION MODE 

The contents of RAM and CPU registers are retained 
at supply voltages as low as 2.0 Vdc. This is called the 
data retention mode where the data is held, but the device 
is not guaranteed to operate. The MCU should be in RESET 
during data retention mode. 



TIMER 

The timer consists of a 16-bit, software-programmable 
counter driven by a fixed divide-by-four prescaler. This 
timer can be used for many purposes, including input 
waveform measurements while simultaneously gener- 
ating an output waveform. Pulse widths can vary from 
several microseconds to many seconds. Refer to Figure 
11 for a timer block diagram. 

Because the timer has a 16-bit architecture, each spe- 
cific functional segment (capability) is represented by two 
registers. These registers contain the high and low byte 
of that functional segment. Generally, accessing the low 
byte of a specific timer function allows full control of that 
function; however, an access of the high byte inhibits 



that specific timer function until the low byte is also ac- 
cessed. 

NOTE 

The I bit in the CCR should be set while manipu- 
lating both the high and low byte register of a spe- 
cific timer function to ensure that an interrupt does 
not occur. 



COUNTER 

The key element in the programmable timer is a 16- 
bit, free-running counter or counter register, preceded by 
a prescaler which divides the internal processor clock by 
four. The prescaler gives the timer a resolution of 2.0 
microseconds if the internal bus clock is 2.0 MHz. The 
counter is incremented during the low portion of the in- 
ternal bus clock. Software can read the counter at any 
time without affecting its value. 

The double-byte, free-running counter can be read from 
either of two locations $18-$19 (counter register) or 
$1A-$1B, (counter alternate register). A read from only 
the least significant byte (LSB) of the free-running counter 
($19, $1 B) receives the count value at the time of the read. 
If a read of the free running counter or counter alternate 
register first addresses the most significant byte (MSB) 
($18, $1A), the LSB ($19, $1B) is transferred to a buffer. 
This buffer value remains fixed after the first MSB read, 
even if the user reads the MSB several times. This buffer 
is accessed when reading the free-running counter or 
counter alternate register LSB ($19 or $1B) and, thus, 
completes a read sequence of the total counter value. In 
reading either the free-running counter or counter alter- 
nate register, if the MSB is read, the LSB must also be 
read to complete the sequence. 

The counter alternate register differs from the counter 
register in one respect: a read of the counter register MSB 
can clear the timer overflow flag (TOF). Therefore, the 
counter alternate register can be read at any time without 
the possibility of missing timer overflow interrupts due 
to clearing of the TOF. 

The free-running counter is configured to $FFFC during 
reset and is always a read-only register. During a power- 
on reset, the counter is also preset to $FFFC, and begins 
running after the oscillator start-up delay. Because the 
free-running counter is 16 bits preceded by a fixed divide- 
by-four prescaler, the value in the free-running counter 
repeats every 262,144 internal bus clock cycles. When the 
counter rolls over from $FFFF to $0000, the TOF bit is set. 
An interrupt can also be enabled when counter rollover 
occurs by setting its interrupt enable bit (TOIE). 

OUTPUT COMPARE REGISTER 

The 16-bit output compare register is made up of two 
8-bit registers at locations $16 (MSB) and $17 (LSB). The 
output compare register is used for several purposes, 
such as indicating when a period of time has elapsed. All 
bits are readable and writable and are not altered by the 
timer hardware or reset. If the compare function is not 
needed, the two bytes of the output compare register can 
be used as storage locations. 
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Figure 10. WAIT Function Flowchart 



The output compare register contents are compared 
with the contents of the free-running counter continually, 
and if a match is found, the corresponding output com- 
pare flag (OCF) bit is set and the corresponding output 
level (OLCL) bit is clocked to an output level register. The 
output compare register values and the output level bit 
should be changed after each successful comparison to 
establish a new elapsed timeout. An interrupt can also 
accompany a successful output compare provided the 
corresponding interrupt enable bit (OCIE) is set. 

After a processor write cycle to the output compare 
register containing the MSB ($16), the output compare 
function is inhibited until the LSB ($17) is also written. 
The user must write both bytes (locations) if the MSB is 
written first. A write made only to the LSB ($17) will not 



inhibit the compare function. The free running counter is 
updated every four internal bus clock cycles. The mini- 
mum time required to update the output compare reg- 
ister is a function of the program rather than the internal 
hardware. 

The processor can write to either byte of the output 
compare register without affecting the other byte. The 
output level (OLVL) bit is clocked to the output level reg- 
ister regardless of whether the output compare flag (OCF) 
is set or clear. 

INPUT CAPTURE REGISTER 

Two 8-bit registers, which make up the 16-bit input 
capture register, are read-only and are used to latch the 
value of the free running counter after the corresponding 
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Figure 11. Timer Block Diagram 



input capture edge detector senses a defined transition. 
The level transition which triggers the counter transfer is 
defined by the corresponding input edge bit (IEDG). Reset 
does not affect the contents of the input capture register. 

The result obtained by an input capture will be one 
more than the value of the free-running counter on the 
rising edge of the internal bus clock preceding the ex- 
ternal transition. This delay is required for internal syn- 
chronization. Resolution is one count of the free-running 
counter, which is four internal bus clock cycles. 

The free-running counter contents are transferred to 
the input capture register on each proper signal transition 



regardless of whether the input capture flag (ICF) is set 
or clear. The input capture register always contains the 
free-running counter value which corresponds to the most 
recent input capture. 

After a read of the input capture register ($14) MSB, 
the counter transfer is inhibited until the LSB ($15) is also 
read. This characteristic causes the time used in the input 
capture software routine and its interaction with the main 
program to determine the minimum pulse period. 

A read of the input capture register LSB ($1 5) does not 
inhibit the free-running counter transfer since they occur 
on opposite edges of the internal bus clock. 
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TIMER CONTROL REGISTER (TCR) $12 

The TCR is a read/write register containing five control 
bits. Three bits control interrupts associated with the timer 
status register flags ICF, OCF, and TOF. 
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ICIE — Input Capture Interrupt Enable 
1 = Interrupt enabled 

0 = Interrupt disabled 

OCIE — Output Compare Interrupt Enable 

1 = Interrupt enabled 

0 = Interrupt disabled 

TOIE — Timer Overflow Interrupt Enable 

1 = Interrupt enabled 

0 = Interrupt disabled 
IEDG — Input Edge 

Value of input edge determines which level transition 
on TCAP pin will trigger free running counter transfer 
to the input capture register 

1 = Positive edge 
0= Negative edge 

Reset does not affect te IEDG bit (U = unaffected). 
OLVL — Output Level 
Value of output level is clocked into output level reg- 
ister by the next successful output compare and will 
appear on the TCMP pin 
1 = High output 
0 = Low output 
Bits 2, 3, and 4 — Not used 
Always read zero 



TIMER STATUS REGISTER (TSR) $13 

The TSR is a read only register containing three status 
flag bits. 
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ICF — Input Capture Flag 

1 = Flag set when selected polarity edge is sensed by 
input capture edge detector 

0 = Flag cleared when TSR and input capture low reg- 

ister ($15) are accessed 
OCF — Output Compare Flag 

1 = Flag set when output compare register contents 

match the free running counter contents 

0 = Flag cleared when TSR and output compare low 

register ($17) are accessed 
TOF — Timer Overflow Flag 

1 = Flag set when free running counter transition from 

$FFFF to $0000 occurs 
0=Flag cleared when TSR and counter low register 
($19) are accessed 
Bits 0-4 — Not used 
Always read zero 



Accessing the timer status register satisfies the first 
condition required to clear status bits. The remaining step 
is to access the register corresponding to the status bit. 

A problem can occur when using the timer overflow 
function and reading the free running counter at random 
times to measure an elapsed time. Without incorporating 
the proper precautions into software, the timer overflow 
flag could unintentionally be cleared if: 

1) The timer status register is read or written when 
TOF is set, and 

2) The LSB of the free-running counter is read but not 
for the purpose of servicing the flag. 

The counter alternate register at address $1A and $1B 
contains the same value as the free-running counter (at 
address $18 and $19); therefore, this alternate register 
can be read at any time without affecting the timer ov- 
erflow flag in the timer status register. 

TIMER DURING WAIT MODE 

The CPU clock halts during the WAIT mode, but the 
timer remains active. An interrupt from the timer causes 
the processor to exit the WAIT mode. 

TIMER DURING STOP MODE 

In the STOP mode, the timer stops counting and holds 
the last count value if STOP is exited by an interrupt. If 
reset is used, the counter is forced to $FFFC. During STOP, 
if at least one valid input capture edge occurs at the TCAP 
pin, the input capture detect circuit is armed. This does 
not set any timer flags nor wake up the MCU, but when 
the MCU does wake up, there is an active input capture 
flag and data from the first valid edge that occurred dur- 
ing the STOP mode. If reset is used to exit STOP mode, 
then no input capture flag or data remains, even if a valid 
input capture edge occurred. 



SERIAL COMMUNICATIONS INTERFACE 

A full-duplex asynchronous SCI is provided with a 
standard NRZ format and a variety of baud rates. The SCI 
transmitter and receiver are functionally independent but 
use the same data format and baud rate. The terms baud 
and bit rate are used synonymously in the following de- 
scription. 

SCI TWO-WIRE SYSTEM FEATURES 

• Standard NRZ (mark/space) format 

• Advanced error detection method includes noise de- 
tection for noise duration of up to one-sixteenth bit 
time 

• Full-duplex operation (simultaneous transmit and re- 
ceive) 

• Software programmable for one of 32 different baud 
rates 

o Software selectable word length (eight or nine bit 
words) 

• Separate transmitter and receiver enable bits 

• SCI may be interrupt driven 

• Four separate interrupt conditions 
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SCI RECEIVER FEATURES 

• Receiver wake-up function (idle or address bit) 

• Idle line detect 

• Framing error detect 

• Noise detect 

• Overrun detect 

• Receiver data register full flag 

SCI TRANSMITTER FEATURES 

• Transmit data register empty flag 

• Transmit complete flag 

• Break send 

Any SCI two-wire system requires receive data in (RDI) 
and transmit data out (TDO). 

DATA FORMAT 

Receive data in (RDI) or transmit data out (TDO) is the 
serial data which is presented between'the internal data 
bus and the output pin (TDO), and between the input pin 
(RDI) and the internal data bus. Data format is as shown 
for the NRZ in Figure 12. 

WAKE-UP FEATURE 

In a typical multiprocessor configuration, the software 
protocol will usually identify the addressee(s) at the be- 
ginning of the message. In order to permit uninterested 
MPUs to ignore the remainder of the message, a wake- 
up feature is included, whereby all further SCI receiver 
flag (and interrupt) processing can be inhibited until its 
data line returns to the idle state. An SCI receiver is reen- 
abled by an idle string of at least ten (or eleven) consec- 
utive ones. Software for the transmitter must provide for 
the required idle string between consecutive messages 
and prevent it from occurring within messages. 

A second wake-up method is available in which sleep- 
ing SCI receivers can be awakened by a logic one in the 
high order bit of a received character. 

RECEIVE DATA IN 

Receive data in (RDI) is the serial data which is pre- 
sented from the input pin via the SCI to the receive data 
register (RDR). While waiting for a start bit, the receiver 
samples the input at a rate which is 16 times higher than 
the set baud rate. This increased rate is referred to as the 
RT rate. When the input (idle) line is detected low, it is 
tested for three more sample times. If at least two of these 



three samples detect a logic low, a valid start bit is as- 
sumed to be detected. If in two or more samples, a logic 
high is detected, the line is assumed to be idle. The re- 
ceive clock generator is controlled by the bagd rate reg- 
ister (see Figure 13); however, the SCI is synchronized 
by the start bit independent of the transmitter. Once a 
valid start bit is detected, the start bit, each data bit, and 
the stop bit are each sampled three times. The value of 
the bit is determined by voting logicwhich takes the value 
of a majority of samples. A noise flag is set when all three 
samples on a valid start bit, data bit, or stop bit do not 
agree. A noise flag is also set when the start verification 
samples do not agree. 

START BIT DETECTION FOLLOWING A FRAMING ERROR 

If there has been a framing error (FE) without detection 
of a break (10 zeros for 8-bit format or 11 zeros for a 9- 
bit format), the circuit continues to operate as if there 
actually were a stop bit and the start edge will be placed 
artificially. The last bit received in the data shift register 
is inverted to a logic one, and the three logic one start 
qualifiers are forced into the sample shift register during 
the interval when detection of a start bit is anticipated; 
therefore, the start bit will be accepted no sooner than it 
is anticipated. 

If the receiver detects that a break (RDRF = 1, FE = 1, 
receiver data register = $00) produced the framing error, 
the start bit will not be artificially induced and the receiver 
must actually receive a logic one before start. 

TRANSMIT DATA OUT 

Transmit data out (TDO) is the serial data which is pre- 
sented from the transmit data register (TDR), via the SCI, 
to the output pin. The transmitter generates a bit time by 
using a derivative of the RT clock, producing a transmis- 
sion rate equal to 1/16 that of the receiver sample clock. 

FUNCTIONAL DESCRIPTION 

A block diagram of the SCI is shown in Figure 13. The 
user has option bits in the serial communications control 
register 1 (SCCR1 ) to determine the SCI wake-up method 
and data word length. Serial communications control 
register 2 (SCCR2) provides control bits which individ- 
ually enable/disable the transmitter or receiver, enable 
system interrupts, and provide wake-up enable and send 
break code bits. The baud rate register bits allow the user 
to select different baud rates which are used as the rate 
control for the transmitter and receiver. 



Control bit "M" 
Selects 8 or 9 bit data 



JZ 



/die Line 



^Stop bit is always high 



Figure 12. Data Format 
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receiver bit rate clock. The SCSR overrun (OR), noise flag 
(NF), or FE bits are set if data reception errors occur. 

An idle line interrupt is generated if the idle line inter- 
rupt is enabled and the SCSR IDLE bit (which detects idle 
line transmission) is set. This allows a receiver that is not 
in the wake-up mode to detect the end of a message, the 
preamble of a new message, or to resynchronize with 
the transmitter. A valid character must be received before 
the idle line condition for the IDLE bit to be set and for 
an idle line interrupt to be generated. 



REGISTERS 

There are five registers used in the SCI; the internal 
configuration of these registers is discussed in the fol- 
lowing paragraphs. 

Serial Communications Data Register (SCDAT) $11 

The SCDAT is a read/write register used to receive and 
transmit SCI data. 



the wake-up feature unless the RWU control bit in SCCR2 
is set. 
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As shown in Figure 13, SCDAT functions as two sep- 
arate registers. The transmit data register (TDR) provides 
the parallel interface from the internal data bus to the 
transmit shift register. The receive data register (RDR) 
provides the interface from the receive shift register to 
the internal data bus. 



Serial Communications Control Register 1 (SCCR1) $OE 

The SCCR1 provides control bits which determine word 
length and select the wake-up method. 
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R8 — Receive Data Bit 8 

R8 bit provides storage location for the ninth bit in the 

receive data byte (if M = 1). 
T8 — Transmit Data Bit 8 

T8 bit provides storage location for the ninth bit in the 

transmit data byte (if M = 1). 
M — SCI Character Word Length 

1 =one start bit, nine data bits, one stop bit 

0 = one start bit, eight data bits, one stop bit 
WAKE — Wake-Up Select 

Wake bit selects the receiver wake-up method. 

1 = Address bit (most-significant bit) 
0 = Idle line condition 

Bits 0-2, and 5 — Not used 
Can read either one or zero 

The address bit is dependent on both the wake bit and 
the M-bit level. Additionally, the receiver does not use 
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Detection of an idle line allows the next data 
byte received to cause the receive data reg- 
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1 


0 


Detection of a received one in the eighth 
data bit allows an RDRF flag and associated 
error flags. 
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Detection of a received one in the ninth data 
bit allows an RDRFflag and associated error 
flags. 



Serial Communications Control Register 2 (SCCR2) $OF 

The SCCR2 provides control of individual SCI functions 
such as interrupts, transmit/receive enabling, receiver 
wake-up, and break code. 
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TIE — Transmit Interrupt Enable 
1 = SCI interrupt enabled 

0 = TDRE interrupt disabled 

TCIE — Transmit Complete Interrupt Enable 

1 = SCI interrupt enabled 

0 = TC interrupt disabled 
RIE — Receive Interrupt Enable 

1 = SCI interrupt enabled 

0 = RDRF and OR interrupts disabled 
ILIE — Idle Line Interrupt Enable 

1 =SCI interrupt enabled 

0 = Idle interrupt disabled 
TE — Transmit Enable 

1 =Transmit shift register output applied to the TDO 

line. Depending upon the SCCR1 M bit, a pream- 
ble of 10 (M = 0) or 11 (M = 1) consecutive ones is 
transmitted. 

0 = Transmitter disabled after last byte loaded in the 

SCDAT and TDRE set. After last byte is transmit- 
ted, TDO line becomes a high-impedance line. 
RE — Receive Enable 

1 = Receiver shift register input applied to the RDI line 

0 = Receiver disabled and RDRF, IDLE, OR, NF, and 

FE status bits inhibited 
RWU — Receiver Wake Up 

1 = Places receiver in sleep mode and enables wake- 

up function 

0 = Wake-up function disabled after receiving data 

word with MSB set (if WAKE = 1 ) 
Wake-up function also disabled after receiving 10 
(M = 0) or 1 1 (M = 1 ) consecutive ones (if WAKE = 0) 
SBK — Send Break 

1 = Transmitter continually sends blocks of zeros (sets 

of 10 or 11) until cleared. Upon completion of 
break code, transmitter sends one high bit for rec- 
ognition of valid start bit. 
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0 = Transmitter sends 10 (M = 0) or 11 (M = 1) zeros 
then reverts to an idle state or continues sending 
data. If transmitter is empty and idle, setting and 
clearing the SBK bit may queue up to two char- 
acter times of break because the first break trans- 
fers immediately to the shift register and the 
second is queued into the parallel transmit buffer. 



Serial Communications Status Register (SCSR) $10 

The SCSR provides inputs to the SCI interrupt logic 
circuits. Noise flag and framing error bits are also con- 
tained in the SCSR. 
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TDRE — Transmit Data Register (TDR) Empty 

1 =TDR contents transferred to the transmit data shift 
register 

0 = TDR still contains data. TDRE is cleared by reading 

the SCSR (with TDRE = 1) followed by a write to 
the TDR. 
TC — Transmit Complete 

1 = Indicates end of data frame, preamble, or break 

condition has occurred 

0 = TC bit cleared by reading the SCSR (with TC=1) 

followed by a write to the TDR 
RDRF — Receive Data Register (RDR) Full 

1 = Receiver data shift register contents transferred 

to the RDR 

0 = Receiver data shift register transfer did not occur. 

RDRF cleared by reading the SCSR (with RDRF=1) 
followed by a read of the RDR 
IDLE — Idle Line Detect 

1 = Indicates receiver has detected an idle line 

0 = IDLE cleared by reading the SCSR (with IDLE = 1 ) 

followed by a read of the RDR. Once cleared, IDLE 
cannot be set until RDI line becomes active and 
idle again. 
OR — Overrun Error 

1 = Indicates receive data shift register data sent to a 

full RDR (RDRF= 1 ). Data causing the overrun is 
lost and RDR data is not disturbed. 
0 = OR cleared by reading the SCSR (with OR = 1 ) fol- 
lowed by a read of the RDR 



NF — Noise Flag 

1= Indicates noise present on the receive bits, in- 
cluding the start and stop bits. NF is not set until 
RDRF = 1. 

0=NF cleared by reading the SCSR (with NF= 1) fol- 
lowed by a read of the RDR 
FE — Framing Error 

1= Indicates stop bit not detected in received data 
character. FE is set the same time RDRF is set. If 
received byte causes both framing and overrun 
errors, processor will only recognize the overrun 
error. Further data transfer into the RDR is inhib- 
ited until FE is cleared. 

0 = NF cleared by reading the SCSR (with FE = 1 ) fol- 
lowed by a read of the RDR 
Bit 0 — Not used 

Can read either one or zero 

Baud Rate Register $0D 

Tables 3 and 4 tabulate the divide chain used to obtain 
the baud rate clock (transmit clock). The actual divider 
chain is controlled by the combined SCP0-SCP1 and SCR0- 
SCR2 bits in the baud rate register. All divided frequen- 
cies shown in Table 3 represent the final baud rate re- 
sulting from the internal processor clock division shown 
in the divided by column only (prescaler division only). 
Table 4 lists the prescaler output divided by the action 
of the SCI select bits (SCR0-SCR2). For example, assume 
that a 9600 Hz baud rate is required with a 2.4576 MHz 
external crystal. In this case, the prescaler bits (?CP0- 
SCP1) could be configured as a divide-by-one oradivide- 
by-four. If a divide-by-four prescaler is used, then the 
SCR0-SCR2 bits must be configured as a divide-by-two. 
Using the same crystal, the 9600 baud rate can be ob- 
tained with a prescaler divide-by-one and the SCR0-SCR2 
bits configured for a divide-by-eight. 



SERIAL PERIPHERAL INTERFACE 

The serial peripheral interface (SPI) is an interface built 
into the MCU which allows several MCUs or MCUs plus 
peripherals to be interconnected within the same black 
box. In the SPI format, the clock is not included in the 
data stream and must be furnished as a separate signal. 
An SPI system may consist of one master MCU and sev- 
eral slaves (Figure 14), or MCUs that can be either mas- 
ters or slaves. 



Table 3. Prescaler Highest Baud Rate Frequency Output 



SCP Bit 


Clock* 
Divided By 


Crystal Frequency MHz 
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0 


4.194304 


4.0 


2.4576 


2.0 


1.8432 


0 


0 


1 


131.072 kHz 


125.000 kHz 




76.80 kHz 


62.50 kHz 


57.60 kHz 


0 


1 


3 


43.691 kHz 


41.666 kHz 




25.60 kHz 


20.833 kHz 


19.20 kHz 


1 


0 


4 


32.768 kHz 


31.250 kHz 




19.20 kHz 


15.625 kHz 


14.40 kHz 


1 


1 


13 


10.082 kHz 


9600 Hz 




5.907 kHz 


4800 Hz 


4430 Hz 



*Refers to the internal processor clock. 



NOTE: The divided frequencies shown in Table 3 represent baud rates which are the highest transmit baud rate (Tx) that can be 
obtained by a specific crystal frequency and only using the prescaler division. Lower baud rates may be obtained by providing 
a further division using the SCI rate select bits as shown below for some representative prescaler outputs. 
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Table 4. Transmit Baud Rate Output for a Given Prescaler Output 



SCR Bits 


Divided 
By 


Representative Highest Prescaler Baud Rate Output 


2 


1 


0 


131.072 kHz 


32.768 kHz 


76.80 kHz 


19.20 kHz 


9600 Hz 


0 


0 


0 


1 • 


131.072 kHz 


32.768 kHz 


76.80 kHz 


19.20 kHz 


9600 Hz 


0 


0 


1 


2 


65.536 kHz 


16.384 kHz 


38.40 kHz 


9600 Hz 


4800 Hz 


0 


1 


0 


4 


32.768 kHz 


8.192 kHz 


19.20 kHz 


4800 Hz 


2400 Hz 


0 


1 


1 


8 


16.384 kHz 


4.096 kHz 


9600 Hz 


2400 Hz 


1200 Hz 


1 


0 


0 


16 


8.192 kHz 


2.048 kHz 


4800 Hz 


1200 Hz 


600 Hz 


1 


0 


1 


32 


4.096 kHz 


1.024 kHz 


2400 Hz 


600 Hz 


300 Hz 


1 


1 


0 


64 


2.048 kHz 


512 Hz 


1200 Hz 


300 Hz 


150 Hz 


1 


1 


1 


128 


1.024 kHz 


256 Hz 


600 Hz 


150 Hz 


75 Hz 



NOTE: Table 4 illustrates how the SCI select bits can be used to provide lower transmitter baud rates by further dividing the prescaler 
output frequency. The five examples are only representative samples. In all cases, the baud rates shown are transmit baud 
rates (transmit clock) and the receive clock is 16 times higher in frequency than the actual baud rate. 




Features: 

• Full-duplex, three-wire synchronous transfers 

• Master or slave operation 

• 1.05 MHz (maximum) master bit frequency 

• 2.1 MHz (maximum) slave bit frequency 

• Four programamble master bit rates 

• Programmable clock polarity and phase 

• End-of-transmission interrupt flag 

• Write collision flag protection 

• Master-master mode fault protection capability 

SIGNAL DESCRIPTION 

The four basic signals (MOSI, MISO, SCK, and SS) are 
described in the following paragraphs. Each signal func- 
tion is described for both master and slave mode. 

Master Out, Slave In 

The master out, slave in (MOSI) line is configured as 
an output in a master device and as an input in a slave 
device. The MOSI line is one of two lines that transfer 
serial data in one direction with the most significant bit 
sent first. 



Master In, Slave Out 

The master in, slave out (MISO) line is configured as 
an input in a master device and as an output in a slave 
device. The MISO is one of two lines that transfer serial 
data in one direction with the most-significant bit sent 
first. The MISO line of a slave device is placed in a high- 
impedance state if slave is not selected (SS = 1). 

Serial Clock 

The serial clock (SCK) is used to synchronize both data 
in and out of a device via the MOSI and MISO lines. The 
master and slave devices can exchange a byte of infor- 
mation during a sequence of eight clock cycles. Since 
SCK is generated by the master device, this line becomes 
an input on a slave device. 

As shown in Figure 15, four possible timing relation- 
ships may be chosen by using control bits CPOL and 
CPHA in the serial peripheral control register (SPCR). Both 
master and slave devices must operate with the same 
timing. 

Two bits (SPR0 and SPR1) in the SPCR of the master 
device select the clock rate. In a slave device, SPR0 and 
SPR1 have no effect on SPI operation. 





MISO 




MOSI 




SCK 




SS 


M6805 HCMOS 


Master 




P 0 




O 1 




R 2 




T 3 





MOSI SS 
MISO SCK 


M6805 HCMOS Slave 3 





MOSI SS 
MISO SCK 


M6805 HCMOS Slave 2 



M6805 HCMOS Slave 0 


MISO SCK 
MOSI SS 





MOSI SS 
MISO SCK 



M6805 HCMOS Slave 1 



Figure 14. Master-Slave System Configuration 
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Data 
Data 




Figure 15. Data Clock Timing Diagram 



Slave Select 

The slave select (SS) input line selects a slave device. 
The SS line must be low prior to data transactions and 
must stay low for the duration of the transaction. The SS 
line on the master must be tied high; if the SS line goes 
low, a mode fault error flag (MODF) is set in the serial 
peripheral status register (SPSR). 

When CPHA = 0, the shift clock is the OR of SS with 
SCK. In this clock phase mode, SS must go high between 
successive characters in an SPI message. When CPHA = 1, 
SS must go high between successive characters in an 
SPI message. When CPHA=1, SS may be left low for 
several SPI characters. In cases where there is only one 
SPI slave MCU, the slave MCU SS line could be tied to 
Vss as long as CPHA=1 clock modes are used. 



FUNCTIONAL DESCRIPTION 

A block diagram of the SPI is shown in Figure 16. In a 
master configuration, the CPU sends a signal to the mas- 
ter start logic, which originates an SPI clock (SCK) based 
on the internal processor clock. As a master device, data 
is parallel loaded into the 8-bit shift register from the 
internal bus during a write cycle and then serially shifted 
via the MOSI pin to the slave devices. During a read cycle, 
data is applied serially from a slave device via the MISO 
pin to the 8-bit shift register. Data is then parallel trans- 
ferred to the read buffer and made available to the in- 
ternal data bus during a CPU read cycle. 

In a slave configuration, the slave start logic receives 
a logic low at the SS pin and a clock input at the SCK 
pin. This synchronizes the slave with the master. Data 
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Figure 16. SPI Block Diagram 
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from the master is received serially at the slave MOSI pin 
and shifted into the 8-bit shift register for a parallel trans- 
fer to the read buffer. During a write cycle, data is parallel 
loaded into the 8-bit shift register from the internal data 
bus, awaiting the clocks from the master to shift out se- 
rially to the MISO pin and then to the master device. 

Figure 17 illustrates the MOSI, MISO, SCK, and SS 
master-slave interconnections. 



REGISTERS 

There are three registers in the SPI that provide control, 
status, and data storage functions. These registers, the 
serial peripheral control register (SPCR), serial peripheral 
status register (SPSR), and serial peripheral data I/O reg- 
ister (SPDR), are described in the following paragraphs. 



Serial Peripheral Control Register (SPCR) $0A 

The SPCR provides control of individual SPI functions 
such as interrupt and system enabling/disabling, master/ 
slave mode select, and clock polarity/phase/rate select. 



7 


6 


5 


4 


3 


2 


1 


0 


SPIE 


SPE 




MSTR 


CPOL 


CPHA 


SPR1 


SPRO 


RESET 
0 


0 




0 


U 


U 


U 


u 



SPIE — Serial Peripheral Interrupt Enable 

1 = SPI interrupt enabled 

0=SPI interrupt disabled 
SPE — Serial Peripheral System Enable 

1 = SPI system on 

0 = SPI system off 
MSTR — Master Mode Select 

1 = Master mode 

0 = Slave mode 
CPOL — Clock Polarity 

Clock polarity bit controls the clock value and is used 
in conjunction with the clock phase (CPHA) bit. 

1 =SCK line idles high 

0 = SCK line idles in low state 



CPHA — Clock Phase 
Clock phase bit along with CPOL controls the clock- 
data relationship between the master and slave de- 
vices. CPOL selects one of two clocking protocols. 
1 =SS is an output enable control. 
0 = Shift clock is the OR of SCK with SS. 

When SS is low, first edge of SCK invokes first 
data sample. 
SPRO, SPR1 — SPI Clock Rate Bits 
Two clock rate bits are used to select one of four clock 
rates to be used as SCK in the master mode. If in the 
slave mode the two clock rate bits have no effect. Clock 
rate selection is shown in the following table. 
Bit 5 — Not used 

Can read either one or zero 



SPI Clock Rate Selection 


SPR1 


SPRO 


Internal Processor 






Clock Divide By 


0 


0 


2 


0 


1 


4 


1 


0 


16 


1 


1 


32 



Serial Peripheral Status Register (SPSR) $0B 

The SPSR contains three status bits. 



7 


6 


5 


4 


3 


2 


1 


0 


SPIF 


WCOL 




MODF 










RESET- 
0 


0 




0 











SPIF — Serial Peripheral Data Transfer Flag 

1 = Indicates data transfer completed between pro- 
cessor and external device 
(If SPIF = 1 and SPIE = 1, SPI interrupt is ena- 
bled.) 

0 = Clearing accomplished by reading SPSR (with 
SPIF=1) followed by SPDR access 
WCOL — Write Collision 

1= Indicates an attempt made to write to SPDR 
while data transfer is in process 

0 = Clearing accomplished by reading SPSR (with 
WCOL = 1) followed by SPDR access 
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Figure 17. SPI Master-Slave Interconnections 
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MODF — Mode Fault Flag 

1 = Indicates multi-master system control conflict 
0 = Clearing accomplished by reading SPSR (with 
MODF = 1) followed by a write to the SPCR 
Bits 0-3, and 5 — Not used 
Can read either zero or one 

Serial Peripheral Data I/O Register (SPDR) $0C 

The SPDR is a read/write register used to receive and 
transmit SPI data. 

7 6 5 4 3 2 1 0 



SPD7 


SPD6 


SPD5 


SPD4 


SPD3 


SPD2 


SPD1 


SPDO 


RESET- 
U 


U 


U 


U 


U 


U 


U 


u 



A write to the SPDR places data directly into the shift 
register for transmission. Only a write to this register will 
initiate transmission/reception of another byte and will 
only occur in the master device. On completion of byte 
transmission, the SPIF status bit is set in both master and 
slave devices. 

A read to the SPDR causes the buffer to be read. The 
first SPIF status bit must be cleared by the time a second 
data transfer from the shift register to the read buffer 
begins, or an overrun condition will exist. In overrun cases, 
the byte causing the overrun is lost. 



INSTRUCTION SET 



other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 
jump to subroutine (JSR) instructions have no register 
operand. Refer to the following instruction list. 



Function 


Mnemonic 


Load A from Memory 


LDA 


Load X from Memory 


LDX 


Store A in Memory 


STA 


Store X in Memory 


STX 


Add Memory to A 


ADD 


Add Memory and Carry to A 


ADC 


Subtract Memory 


SUB 


Subtract Memory from A with Borrow 


SBC 


AND Memory to A 


AND 


OR Memory with A 


ORA 


Exclusive OR Memory with A 


EOR 


Arithmetic Compare A with Memory 


CMP 


Arithmetic Compare X with Memory 


CPX 


Bit Test Memory with A (Logical Compare) 


BIT 


Jump Unconditional 


JMP 


Jump to Subroutine 


JSR 



The MCU has a set of 62 basic instructions. They can 
be divided into five different types: register/memory, read- 
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 

This MCU uses all the instructions available in the 
M146805 CMOS Family plus one more: the unsigned 
multiply (MUL) instruction. This instruction allows un- 
signed multiplication of the contents of the accumulator 
(A) and the index register (X). The high-order product is 
then stored in the index register, and the low-order prod- 



uct is stored in the accumulator. A detailed definition of 
the MUL instruction is shown below. 


Operation 


X:AX*A 


Description 


Multiplies the eight bits in the index register 
by the eight bits in the accumulator to obtain 
a 16-bit unsigned number in the concatenated 
accumulator and index register 


Condition 
Codes 


H: Cleared 
I: Not affected 
N: Not affected 
Z: Not affected 
C: Cleared 


Source 


MUL 


Form(s) 


Addressing 

Mode Cycles Bytes Opcode 
Inherent 11 1 $42 



READ-MODIFY-WRITE INSTRUCTIONS 

These instructions read a memory location or a reg- 
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 



Function 


Mnemonic 


Increment 


INC 


Decrement 


DEC 


Clear 


CLR 


Complement 


COM 


Negate (2's Complement) 


NEG 


Rotate Left Thru Carry 


ROL 


Rotate Right Thru Carry 


ROR 


Logical Shift Left 


LSL 


Logical Shift Right 


LSR 


Arithmetic Shift Right 


ASR 


Test for Negative or Zero 


TST 


Multiply 


MUL 



REGISTER/MEMORY INSTRUCTIONS 

Most of these instructions use two operands. One op- 
erand is either the accumulator or the index register. The 



BRANCH INSTRUCTIONS 

This set of instructions branches if a particular condi- 
tion is met; otherwise, no operation is performed. Branch 
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instructions are two-byte instructions. Refer to the fol- 
lowing list for branch instructions. 



Function 


Mnemonic 


Branch Always 


BRA 


Branch Never 


BRN 


Branch if Higher 


BHI 


Branch if Lower or Same 


BLS 


Branch if Carry Clear 


BCC 


Branch if Higher or Same 


BHS 


Branch if Carry Set 


BCS 


Branch if Lower 


BLO 


Branch if Not Equal 


BNE 


Branch if Equal 


BEQ 


Branch if Half Carry Clear 


BHCC 


Branch if Half Carry Set 


BHCS 


Branch if Plus 


BPL 


Branch if Minus 


BMI 


Branch if Interrupt Mask Bit is Clear 


BMC 


Branch if Interrupt Mask Bit is Set 


BMS 


Branch if Interrupt Line is Low 


BIL 


Branch if Interrupt Line is High 


BIH 


Branch to Subroutine 


BSR 



BIT MANIPULATION INSTRUCTIONS 

The MCU is capable of setting or clearing any writable 
bit which resides in the first 256 bytes of the memory 
space where all port registers, port DDRs, timer, timer 
control, ROM, and on-chip RAM reside. An additional 
feature allows the software to test and branch on the state 
of any bit within these 256 locations. The bit set, bit clear 
and bit test, and branch functions are all implemented 
with a single instruction. For test and branch instructions, 
the value of the bit tested is also placed in the carry bit 
of the condition code register. Refer to the following list 
for bit manipulation instructions. 



Function 


Mnemonic 


Branch if Bit n is Set 


BRSETn (n = 0. . .7) 


Branch if Bit n is Clear 


BRCLRn(n = 0...7) 


Set Bit n 


BSET n (n = 0 . . 7) 


Clear Bit n 


BCLR n (n = 0. . . 7) 



CONTROL INSTRUCTIONS 

These instructions are register reference instructions 
and are used to control processor operation during pro- 
gram execution. Refer to the following list for control 
instructions. 



Function 


Mnemonic 


Transfer A to X 


TAX 


Transfer X to A 


TXA 


Set Carry Bit 


SEC 


Clear Carry Bit 


CLC 


Set Interrupt Mask Bit 


SEI 


Clear Interrupt Mask Bit 


CLI 


Software Interrupt 


SWI 


Return from Subroutine 


RTS 


Return from Interrupt 


RTI 


Reset Stack Pointer 


RSP 


No-Operation 


NOP 


Stop 


STOP 


Wait 


WAIT 



OPCODE MAP SUMMARY 

Table 5 is an opcode map for the instructions used on 
the MCU. 



ADDRESSING MODES 

The MCU uses ten different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code con- 
version tables, and scaling tables anywhere in the mem- 
ory space. Short indexed accesses are single byte 
instructions; the longest instructions (three bytes) permit 
accessing tables throughout memory. Short and long ab- 
solute addressing is also included. One- or two-byte di- 
rect addressing instructions access all data bytes in most 
applications. Extended addressing permits jump instruc- 
tions to reach all memory. 

The term "effective address" (EA) is used in describing 
the various addressing modes. Effective address is de- 
fined as the address from which the argument for an 
instruction is fetched or stored. 

IMMEDIATE 

In the immediate addressing mode, the operand is con- 
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize a loop counter). 

DIRECT 

In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 
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Table 5. Opcode Map 





Bit Manipulation 


Branch 


Raad/Modrfy/Wrrta 


Control 


Regular/ Memory 






B|C 


' "f L 


OIR 


M^- 






IX 


INH 


INH 


IMM 


DIR 




1X2 


1X1 




Hi 

Low~\ 


0000 


0001 


0010 


3 

0011 


oioo 


0101 


0110 


7 

0111 


8 

1000 


9 

1001 


A 

1010 


B 

1011 


1100 


0 
1101 


E 
1110 


1111 


Hl 

— Low 


0 
000Q 


s 

BRSETO 

3 BTB 


5 

BSETO 

2 nsr 


3 

BRA 

2 REL 


1 5 

NEG 

2 DiR 


3 

NEGA 


3 

NEGX 


NEG 
2 ixi 


NEG 


| — 22 Hr 

RT 




2 

SUB 

2 IMM 


3 

SUB 

2 DlR 


4 

SUB 

3 EXT 


5 

SUB 

3 1X2 


■ ~i 

SUB 

2 IXI 


SUB 


0 

woo 


1 

0001 


5 

BRCLRO 
3 8TB. 


5 

BCLRO 

2 BSC 


BRN 

2 REL 












6 

RTS 




2 

CMP 

2 , MM 


3 

CMP 

2 DlR 


CMP 

3 EXT 


5 

CMP 

3 1X2 


CMP 

2 ixi 


3 

CMP 

1 IX 


1 

0001 


2 

0010 


BRSET1 


5 

BSET1 

2 BSC 


3 

BHI 
2 REL 




MUL 












2 

SBC 

2 IMM 


SBC 

2 DIR 


4 

SBC 

3 EXT 


5 

SBC 

3 1X2 


SBC 

2 1X1 


3 

SBC 

1 IX 


2 

0O10 


3 


3 BT^ 
BRCLR1 


5 

BCLR1 

2 esc 


BLS 
2 REL 


5 

COM 

2 DIR 


3 

COMA 

1 INH 


3 

COMX 

1 INH 


6 

COM 

2 1X1 


b 

COM 

1 IX 


10 

SWI 

1 INH 




2 

CPX 
2 IMM 


3 

CPX 
2 DIR 


cpx 

3 EXT 


i 

CPX 

3 1X2 


cpx 

2 IXI 


3 

cpx 

1 IX 


3 

0011 


4 

0100 


3 8T| 
BRSET2 


5 

BSET2 

2 BSC 


BCC 

2 REL 


S 

LSR 

2 DTR 


3 

LSRA 

1 INH 


3 

LSRX 


6 

LSR 

2 1X1 


5 

LSR 






2 

AND 

2 IMM 


AND 

2 DIR 


AND 

3 EXT 


5 

AND 


AND 

2 1X1 


3 

AND 


4 

0100 


5 

0101 


3 BT| 

BRCLR2 
3 BTB 


5 

BCLR2 
2 BSC 


BCS 
2 REL 
















2 

BIT 
2 IMM 


3 

BIT 

2 DIR 


BIT 

3 EXT 


J !>£ 

BIT 

3 1X2 


BIT 

2 IXI 


3 

BIT 

1 IX 


5 

0101 


6 

0110 


BRSET3" 


5 

BSET3 

2 BSC 


BNE 

2 REL 


5 

ROR 

2 DIR 


3 

RORA 

1 INH 


3 

RORX 

1 INH 


6 

ROR 

2 1X1 


5 

ROR 






2 

LDA 

2 IMM 


3 

LDA 

2 DIR 


LDA 

3 EXT 


5 

LDA 


LDA 

2 1X1 


3 

LDA 


6 

0110 


7 

0111 


3 BT| 
BRCLR3 


5 

BCLR3 

2 BSC 


BEQ 

2 RE^ 


5 

ASR 

2 DIR 


3 

ASRA 

1 INH 


3 

ASRX 
1 INH 


6 

ASR 

2 1X1 


5 

ASR 




2 

TAX 

1 INH 




STA 

2 DIR 


5 

STA 

3 fXT 


~ ^ 

STA 

3 1X2 


STA 

2 1X1 


STA 


7 
0111 


8 

1000 


3 BT| 

BRSET4 
3 BTB 


5 

BSET4 
2 BSC 


BHCC 
2 REL 


5 

LSL 

2 DIR 


3 

LSLA 

1 INH 


3 

LSLX 
1 INH 


6 

LSL 

2 ixi 


5 

LSL 




2 

CLC 

1 INH 


2 

EOR 

2 IMM 


3 

EOR 
2 DlR 


EOR 

3 EXT 


5 

EOR 

3 1X2 


EOR 

2 ixi 


3 

EOR 


8 

1000 


9 

1001 


5 

BRCLR4 
3 BT| 


5 

BCLR4 

2 BSC 


3 

BHCS 
2 REL 


6 

ROL 
2 DIR 


3 

ROLA 

t INH 


3 

ROLX 


6 

ROL 

2 IX 1 


5 

ROL 

1 IX 




2 

SEC 

1 INH 


2 

ADC 

2 IMM 


3 

ADC 
2 DIR 


ADC 

3 EXT 


5 

ADC 

3 1X2 


ADC 

2 1X1 


3 

ADC 


9 

1001 


A 

1010 


BRSET5 
3 BTB^ 


5 

BSET5 

2 BSC 


3 

BPL 
2 REL 


5 

DEC 

2 DIR 


3 

DECA 

1 INH 


3 

DECX 
1 INH 


e 

DEC 

2 1X1 


5 

DEC 




2 

CLI 

1 INH 


2 

ORA 

2 IMM 


3 

ORA 

2 DlR 


4 

ORA 

3 EXT 


5 

ORA 

3 1X2 


ORA 

2 ixi 


3 

ORA 


A 

1010 


B 

1011 


BRCLR5 
3 BT| 


5 

BCLR5 


3 

BMI 
2 RE^ 














2 

SEI 

1 INH 


J 

ADD 

2 IMM 


3 

ADD 

2 DIR 


ADD 

3 EXT 


5 

ADD 

3 1X2 


ADD 

2 1X1 


3 

ADD 

1 IX 


B 

1011 


c 

1100 


BRSET6 
3 BT| 


BSET6 


BMC 

2 REL 


5 

INC 
2 DIR 


INCA 


3 

INCX 


INC 

2 ixi 


5 

INC 




2 

RSP 

I INH 




2 

JMP 

2 DIR 


i 

JMP 

3 EXT 


4 

JMP 

3 1X2 


JMP 

2 IXI 


5 

JMP 


c 

1100 


0 

1101 


BRCLR6 

3 BTB 


BCLR6 

2 BSC 


3 

BMS 

2 RFI. 


4 

TST 

2 DIR 


3 

TSTA 

1 INH 


3 

TSTX 

1 INH 


5 

TST 

2 1X1 


TST 




2 

NOP 

1 INH 


6 

BSR 

2 REL 


5 

JSR 

2 DlR 


6 

JSR 
3 EXT 


7 

JSR 

3 1X2 


JSR 

2 1X1 


5 

JSR 


D 

1101 


E 

1110 


BRSET7 

3 BT| 


BSET7 

2 BS£ 


3 

BIL 

2 REL 












2 

STOP 




} 

LDX 

2 IMM 


3 

LDX 

2 DIR 


4 

LDX 

3 EXT 


5 

LDX 

J L*2_ 


LDX 

2 1X1 


3 

LDX 


E 

1110 


F 

mi 


BRCLR7 

3 BTB 


BCLR7 

2 BSC 


3 

BIH 

2 REL 


5 

CLR 

2 DIR 


3 

1 CLR |NH 


3 

CLRX 
1 INH 


6 

CLR 
2 1X1 


5 

CLR 


i 

WAIT 

1 INH 


2 

TXA 

1 INH 




4 

STX 

2 D'R 


5 

STX 

3 EXT 


STX 

3 1X2 


STX 
2 IXI 


4 

STX 


F 

1111 



Abbreviations for Address Modes 



INH 


Inherent 


A 


Accumulator 


X 


Index Register 


IMM 


Immediate 


DIR 


Direct 


EXT 


Extended 


REL 


Relative 


BSC 


Bit Set/ Clear 


BTB 


Bit Test and Branch 


IX 


Indexed (No Offset) 


1X1 


Indexed. 1 Byte (8- Bit) Offset 


IX2 


Indexed. 2 Byte 116-Bit) Offset 




Cycles 



Opcode in Hexadecimal 
Opcode in Binary 

Address Mode 



CO 
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EXTENDED 

In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. The using 
the Motorola assembler, the user need not specify whether 
an instruction uses direct or extended addressing. The 
assembler automatically selects the shortest form of the 
instruction. 

RELATIVE 

The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8- 
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from - 126 to +129 from 
the opcode address. The programmer need not calculate 
the offset when using the Motorola assembler, since it 
calculates the proper offset and checks to see that it is 
within the span of the branch. 

INDEXED, NO OFFSET 

In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. This addressing mode can access the first 256 
memory locations. These instructions are only one byte 
long. This mode is often used to move a pointer through 
a table or to hold the address of a frequently referenced 
RAM or I/O location. 

INDEXED, 8-BIT OFFSET 

In the indexed, 8-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address- 
able locations and could extend as far as location 510 
($1FE is the last location at which the instruction may 
begin). 



INDEXED, 16-BIT OFFSET 

In the indexed, 16-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 
the opcode. This address mode can be used in a manner 
similar to indexed, 8-bit offset except that this three-byte 
instruction allows tables to be anywhere in memory. As 
with direct and extended addressing, the Motorola as- 
sembler determines the shortest form of indexed ad- 
dressing. 

BIT SET/CLEAR 

In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode, and the byte following 
the opcode specifies the direct addressing of the byte in 
which the specified bit is to be set or cleared. Any read/ 
write bit in the first 256 locations of memory, including 
I/O, can be selectively set or cleared with a single two- 
byte instruction. 

BIT TEST AND BRANCH 

The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 
bit that is to be tested and its condition (set or clear), is 
included in the opcode. The address of the byte to be 
tested is in the single byte immediately following the 
opcode byte. The signed relative 8-bit offset in the third 
byte is added to the PC if the specified bit is set or cleared 
in the specified memory location. This single three-byte 
instruction allows the program to branch based on the 
condition of any readable bit in the first 256 locations of 
memory. The span of branching is from -125 to +130 
from the opcode address. The state of the tested bit is 
also transferred to the carry bit of the condition code 
register. 

INHERENT 

In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in- 
structions are one byte long. 
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ELECTRICAL SPECIFICATIONS 



MAXIMUM RATINGS (Voltages referenced to Vss) 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


VDD 


-0.3 to +7 0 


V 


Input Voltage 


V,n 


V S s -0.3 to 
V D D +0.3 


V 


Self-Check Mode (IRQ Pin Only) 


V, n 


Vss -0.3 to 
2xVdd + 0.3 


V 


Current Dram Per Pin Excluding 
Vqd and Vss 


1 


25 


mA 


Operating Temperature Range 
MC68HCL05C4 (Standard) 


T A 


T L to T H 

0 to +70 


°C 


Storage Temperature Range 


T s tg 


-65 to +150 


°C 



This device contains circuitry to protect the in- 
puts against damage due to high static voltages 
or electric fields; however, it is advised that nor- 
mal precautions be taken to avoid application of 
any voltage higher than maximum-rated voltages 
to this high-impedance circuit. For proper oper- 
ation, it is recommended that V, n and V ou t be 
constrained to the range Vss 55 (Vm or Vout) 55 
VdD- Reliability of operation is enhanced if un- 
used inputs are connected to an appropriate logic 
voltage level (e g., either Vss or V DD'- 



THERMAL CHARACTERISTICS 



Characteristic 


Symbol 


Value 


Unit 


Thermal Resistance 


ejA 




°C/W 


Plastic 


60 




Plastic Leaded Chip Carrier (PLCC) 




70 






V DD =4.5V 



Pins 


R1 


R2 


C 


PA0-PA7, 
PB0-PB7, 
PC0-PC7, 
PD1-PD4 


3.26 ka 


2.38 kfl 


50 pF 


PD0, PD5.PD7 


1.9 kfl 


2.26 kn 


200 pF 


V D D = 3.0 V 


Pins 


R1 


R2 


C 


PA0-PA7, 
PB0-PB7, 
PC0-PC7, 
PD1-PD4 


10.91 kfl 


6.32 kfl 


50 pF 


PD0, PD5, PD7 


6 kfl 


6 kH 


200 pF 



VDD 



Test 
Point 



C : 

(See 
Table) 



R2 

(See Table) 



R1 

(See Table) 



Figure 18. Equivalent Test Load 



POWER CONSIDERATIONS 

The average chip-junction temperature, Tj, in °C can 
be obtained from: 



Tj=t a +<Pd-0ja> W 



where: 




T A 


= Ambient Temperature, °C 


9j A 


= Package Thermal Resistance, 


Junction-to-Ambient, °C/W 


P D 


= p INT +p l/0 


P INT 


= \qC x ^CC' Watts — Chip Internal Power 


p l/0 


= Power Dissipation on Input and Output 



Pins — User Determined 



For most applications P|/o <p INT anc ^ can ^ e neglected. 

The following is an approximate relationship between 
Pq and Tj (if P|/q is neglected): 

P D = K-(Tj + 273°C) < 2 > 

Solving equations (1) and (2) for K gives: 

K = P cr (T A + 273 0 C) + 8j A -PD 2 (3) 
where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring Pq 
(at equilibrium) for a known T A . Using this value of K, 
the values of Pq and Tj can be obtained by solving equa- 
tions (1) and (2) iteratively for any value of T A . 
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DC ELECTRICAL CHARACTERISTICS 

(Vdd = 5 - 5 Vdc±10%, Vss = 0 Vdc, Ta = T|_ to Th, unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Output Voltage, lLoad 55100 M-A 


vol 
voh 


Vdd-o.1 




0.1 


V 


Output High Voltage 
('Load = 0.8 mA) PA0-PA7, PB0-PB7, PC0-PC7, TCMP (see Figure 19) 
(l|_oad = 1-6 mA) PD1-PD4 (see Figure 20) 


V 0 H 


Vqd-o.8 

Vdd-0.8 


- 


- 


V 


Output Low Voltage (see Figure 21) 
(l|_oad = 1-6 mA) PA0-PA7, PB0-PB7, PC0-PC7, PD1-PD4, TCMP 


vol 







0.4 


V 


Input High Voltage 
PA0-PA7, PB0-PB7, PC0-PC7, PD0-PD5, PD7. TCAP. IRQ. 
RESET, OSC1 


V|H 


0.7xV DD 


- 


V D D 


V 


Input Low Voltage 

PA0-PA7, PB0-PB7, PC0-PC7, PD0-PD5, PD7, TCAP, IRQ, 
RESET, OSC1 


V|L 


vss 




0.2 x Vdd 


V 


Data Retention Mode (0° to 70°C) 


Vrm 


2.0 






V 


Supply Current (see Notes) 
Run (see Figures 22 and 23) 
Wait (see Figures 22 and 23) 
Stop (see Figure 23) 
25°C 

0° to 70°C 


Idd 


— 


— 


5.0 
2.75 

15 
25 


mA 
mA 

(x.A 
M-A 


I/O Ports Hi-Z Leakage Current 
PA0-PA7, PB0-PB7, PC0-PC7, PD1-PD4 


IlL 






±1.0 


M-A 


Input Current 
RESET, IRQ, TCAP, OSC1, PDO, PD5, PD7 


■in 






±1 


^A 


Capacitance 
Ports (as Input or Output) 
RESET, IRQ, TCAP, PD0-PD5, PD7 


Cout 
Cin 






12 
8 


pF 



NOTES: 

1. All values shown reflect average measurements. 

2. Typical values at midpoint of voltage range, 25°C only. 

3. Wait Idd: On\y timer system active (SPE = TE = RE = 0). If SPI, SCI active (SPE = TE = RE = 1) add 10% current draw. 

4. Run (Operating) Idd- Wait Idd : Measured using external square wave clock source (f osc = 2.1 MHz), all inputs 0.2 V from rail; 
no dc loads, less than 50 pF on all outputs, C|_ = 20 pF on OSC2. 

5. Wait, Stop Idd : Al1 P°rts configured as inputs, V||_ = 0.2 V, V|h = Vdd _ 0.2 V. 

6. Stop Idd measured with OSC1 =Vss- 

7 Wait Idd is affected linearly by the OSC2 capacitance. 
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DC ELECTRICAL CHARACTERISTICS 

(VdD = 2 - 4 Vdc-3.6 Vdc, Vss = n Vdc, T/\ = T|_ to Th, unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Output Voltage, iLoad^ 10 0 M-A 


vol 
voh 


Vdd-o.1 




0 1 


V 


Output High Voltage 
( | Load = 0 - 2 mA) PA0-PA7, PB0-PB7, PC0-PC7, TCMP (see Figure 19) 
('Load = 0.4 mA) PD1-PD4 (see Figure 20) 


VOH 


Vdd-0.3 

vdd-03 






V 


Output Low Voltage (see Figure 21) 
('Load = 0-4 mA) PA0-PA7, PB0-PB7, PC0-PC7, PD1-PD4, TCMP 


vol 




- 


03 


V 


Input High Voltage 
PA0-PA7, PB0-PB7, PC0-PC7, PD0-PD5, PD7, TCAP, IRQ, 
RESET, OSC1 


V|H 


07xV DD 




VDD 


V 


Input Low Voltage 
PA0-PA7, PB0-PB7, PC0-PC7, PD0-PD5, PD7, TCAP, IRQ, 
RESET, OSC1 


V|L 


vss 


— 


0.2xV D D 


V 


Data Retention Mode (0° to 70°C) 


VRM 


2.0 






V 


Supply Current (3.6 Vdc at 1.0 MHz) 
Run (See Figures 22 and 24) 
Wait (See Figures 22 and 24) 
Stop (See Figure 24) 
25°C 

0°C to 70°C 


!DD 


- 




- 




1.75 
900 

50 
10 


mA 

p.A 

HA 


Supply Current (2.4 Vdc at 500 kHz) 
Run (See Figures 22 and 25) 
Wait (See Figures 22 and 25) 
Stop (See Figure 25) 
25°C 

0° to 70"C 


'dd 






750 
400 

20 

5.0 


mA 
M-A 

(xA 

(jlA 


I/O Ports Hi-Z Leakage Current 
PA0-PA7, PB0-PB7, PC0-PC7, PD1-PD4 


IlL 






±1.0 


nA 


Input Current 
RESET, IRQ, TCAP, OSC1, PD0, PD5, PD7 


lin 






±1 


^A 


Capacitance 
Ports (as Input or Output) 
RESET, IRQ, TCAP, PD0-PD5, PD7 


Cout 
Cm 






12 
8 


pF 



NOTES: 

1. All values shown reflect average measurements. 

2. Typical values at midpoint of voltage range, 25°C only. 

3. Wait Idd : 0n| y tlmer system active (SPE = TE = RE = 0). If SPI, SCI active (SPE = TE = RE = 1) add 10% current draw. 

4. Run (Operating) Idd< Wait Idd : Measured using external square wave clock source all inputs 0.2 V from rail, no dc loads, less 
than 50 pF on all outputs, C|_ = 20 pF on OSC2. 

5. Wait, Stop Idd : All ports configured as inputs, V||_ = 0.2 V, V|h = Vdd - 0.2 V. 

6. Stop Idd measured with OSC1 =Vss- 

7. Wait Idd is affected linearly by the OSC2 capacitance. 
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0 0 5 10 15 2 0 

Internal Frequency (MHz) 

Figure 23. Maximum Iqd vs Frequency for Vdd = 5 - 5 Vdc 



2 5 



2 0 



0 5 



0 



V D D = 3.3 


I 

V ±10% 
















(1.75 mA) 




















(900 vM, 




St 


op IDD 


(10 M.A 


0°-70°C) 




' 







0 02 04 06 08 10 

Internal Frequency (MHz) 

Figure 24. Maximum Iqd vs Frequency for Vdd = 3 - 6 Vdc 
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(750 nA) 




100 200 300 400 500 



Figure 25. Maximum Iqd vs Frequency for Vqq = 2.4 Vdc 
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CONTROL TIMING 

(V DD = 5.0 Vdc ± 1 0%, Vss = 0 Vdc, T A = T|_ to T H ) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Frequency of Operation 
Crystal Option 
External Clock Option 


T osc 


dc 


4.2 
4.2 


MHz 


Internal Operating Frequency 
Crystal (f 0SC -2) 
External Clock (f 0 sc~ 2 ) 


r op 


dc 


2.1 
2.1 


MHz 


Cycle Time (see Figure 29) 


l cyc 


480 




ns 


Crystal Oscillator Startup Time (see Figure 29) 


toxov 




100 


ms 


Stop Recovery Startup Time (Crystal Oscillator) (see Figure 26) 


tlLCH 




100 


ms 


ntoti ruise vviutn (see rigure ^yj 


tRL 


1 .5 




tcyc 


Timer 
Resolution** 

Input Capture Pulse Width (see Figure 27) 
Input Capture Pulse Period (see Figure 27) 


tRESL 
tTH- tTL 
tTLTL 


4.0 
125 




tcyc 
ns 

tcyc 


Interrupt Pulse Width Low (Edge-Triggered) (see Figure 8) 


'I LI H 


125 




ns 


Interrupt Pulse Period (see Figure 8) 


tlLIL 






tcyc 


OSC1 Pulse Width 


tOH. tOL 


90 




ns 



*The minimum period t||_||_ should not be less than the number of cycle times it takes to execute the interrupt service routine plus 
21 tcyc 

**Since a 2-bit prescaler in the timer must count four internal cycles (t cy c). this is the limiting minimum factor in determining the 
timer resolution. 

***The minimum period tjLj|_ should not be less than the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 t C y C . 




Internal 
Clock 

Internal 
Address 
Bus 



n_JVL_rL_rL_rLr 



NOTES 

1 Represents the internal gating of the OSC1 pin 

2 IRQ pin edge-sensitive mask option 

3 IRQ pin level and edge-sensitive mask option 

4 RESET vector address shown for timing example 

Figure 26. Stop Recovery Timing Diagram 



RESET or Interrupt 
Vector Fetch 
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CONTROL TIMING 

(V DD = 2.4 Vdc-3.6 Vdc, Vss = 0 Vdc, T A = T L to T H ) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Frequency of Operation 
Crystal Option 
External Clock Option 


f osc 


dc 


2.0 
2.0 


MHz 


Internal Operating Frequency 
Crystal (f osc -2) 
External Clock (f n <;r-2) 


fop 


dc 


1.0 
1.0 


MHz 


Cycle Time (see Figure 29) 


t C c 


1000 




ns 


Crystal Oscillator Startup Time (see Figure 29) 


toxov 




100 


ms 


Stop Recovery Startup Time (Crystal Oscillator) (see Figure 26) 


tlLCH 




100 


ms 


RESET Pulse Width — Excluding Power-Up (see Figure 29) 


tRL 


1.5 




tcyc 


Timer 
Resolution** 

Input Capture Pulse Width (see Figure 27) 
Input Capture Pulse Period (see Figure 27) 


tRESL 
*TH' tTL 
tTLTL 


4.0 
250 




tcyc 
ns 

tcyc 


Interrupt Pulse Width Low (Edge-Triggered) (see Figure 8) 


tlLIH 


250 




ns 


Interrupt Pulse Period (see Figure 8) 


tlLIL 






tcyc 


OSC1 Pulse Width 


tOH. tQL 


200 




ns 



•The minimum period t||_||_ should not be less than the number of cycle times it takes to execute the interrupt service routine plus 

21 t C y C . 

•Since a 2-bit prescaler in the timer must count four internal cycles (t cyc ), this is the limiting minimum factor in determining the 
timer resolution. 

•The minimum period tjLJL should not be less than the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 t cyc . 



External 
Signal 
(TCAP 
Pin 37I 





■* tTLTL — >• 




'TH 


J 


u 













tTL 



i_r 



L 



Figure 27. Timer Relationships 
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SERIAL PERIPHERAL INTERFACE (SPI) TIMING 

(V DD = 5.0 Vdc±10%, Vss = 0 Vdc, T A = T L to T H ) (see Figure 28) 



Num. 


Characteristic 


Symbol 


Min 


Max 


Unit 




Operating Frequency 
Master 
Slave 


fop(m) 
fop(s) 


dc 
dc 


0.5 
2.1 


fop 
MHz 


1 


Cycle Time 
Master 
Slave 


tcyc(m) 
tcyc(s) 


2.0 
480 


- 


tcyc 
ns 


2 


Enable Lead Time 
Master 
Slave 


tlead(m) 
tlead(s) 


240 


- 


ns 
ns 


3 


ClldUlc Lay lllllc 

Master 
Slave 


f|ag(m) 
tlaq(s) 


240 


- 


ns 
ns 


4 


L.IOCK \ol.im nign i ime 
Master 
Slave 


fw(SCKH)m 
tw(SCKH)s 


340 
190 


— 


ns 
ns 


5 


Tlnrk l^fK) 1 nw Timp 

Master 
Slave 


tw(SCKL)m 
tw(SCKL)s 


340 
190 


- 


ns 
ns 


6 


Data Setup Time (Inputs) 
Master 
Slave 


l su(m) 
l su(s) 


100 
100 




ns 
ns 


7 


Data Hold Time (Inputs) 
Master 
Slave 


th(m) 
'h(s) 


100 
100 




ns 
ns 


8 


Access Time (Time to Data Active from High-Impedance State) 
Slave 


ta 


0 


120 


ns 


9 


Disable Time (Hold Time to High-Impedance State) 
Slave 


tdis 


- 


240 


ns 


10 


L/dld VdllU 

Master (Before Capture Edge) 
Slave (After Enable Edge)** 


Mm) 

Ms) 


0.25 


240 


'cyclm) 
ns 


1 1 


Data Hold Time (Outputs) 
Master (After Capture Edge) 
Slave (After Enable Edge) 


tho(m) 
tho(s) 


0.25 
0 




*cyc(m) 
ns 


12 


Rise Time (20% Vdd to 70% Vdd. C|_ = 200 pF) 
SPI Outputs (SCK, MOSI, and MISOJ_ 
SPI Inputs (SCK, MOSI, MISO, and SS) 


*rm 
trs 




100 

2.0 


ns 

JJLS 


13 


Fall Time (70% Vqd to 20% Vqd- C|_ = 200 pF) 
SPI Outputs (SCK, MOSI, and MISOJ_ 
SPI Inputs (SCK, MOSI, MISO, and SS) 


tfm 
tfs 




100 
2.0 


ns 
ris 



*Signal production depends on software. 
"Assumes 200 pF load on all SPI pins. 



MOTOROLA MICROPROCESSOR DATA 
3-1046 



MC68HCL05C4 



SERIAL PERIPHERAL INTERFACE (SPI) TIMING 

(Vdd = 2.4 Vdc-3.6 Vdc, Vss = 0 Vdc, Ta = T|_ to Th) (see Figure 28) 



Num. 


Characteristic 


Symbol 


Min 


Max 


Unit 




Operating Frequency 
Master 
Slave 


f op(m) 
f op(s) 


dc 
dc 


0.5 
1 0 


fop 
MHz 


1 


Cycle Time 
Master 
Slave 


tcyc(m) 
tcvc(s) 


2.0 
1.0 


- 


tcyc 

M-S 


2 


Enable Lead Time 
Master 
Slave 


t|ead(m) 
tlead(s) 


500 


— 


ns 
ns 


3 


Enable Lag Time 
Master 
Slave 


tlag(m) 
tlaq(s) 


500 


- 


ns 
ns 


4 


Clock (SCK) High Time 
Master 
Slave 


l w(SCKH)m 
tw(SCKH)s 


720 
400 


- 


M-S 

ns 


C 

O 


uock (olm low I ime 
Master 
Slave 


tw(SCKL)m 
tw(SCKL)s 


720 
400 


- 


^s 
ns 


6 


Data Setup Time (Inputs) 
Master 
Slave 


tsu(m) 
tsu(s) 


200 
200 


- 


ns 
ns 


7 


Data Hold Time (Inputs) 
Master 
Slave 


th(m) 
l h(s) 


200 
200 


- 


ns 
ns 


8 


Access Time (Time to Data Active from High-Impedance State) 
Slave 


ta 


0 


250 


ns 


Q 


Disable Time (Hold Time to High-Impedance State) 
Slave 


tdis 




500 


ns 


10 


Data Valid 
Master (Before Capture Edge) 
Slave (After Enable Edge)** 


Mm) 
Ms) 




500 


tcyc(rn) 
ns 


11 


Data Hold Time (Outputs) 
Master (After Capture Edge) 
Slave (After Enable Edge) 


tho(m) 
tho(s) 


0 25 
0 




tcyc(m) 
ns 


12 


Rise Time (20% Vqd to 70% VqD' C l = 200 pF) 
SPI Outputs (SCK, MOSI, and MISOJ_ 
SPI Inputs (SCK, MOSI, MISO, and SS) 


l rm 

trs 




200 
2.0 


ns 

(XS 


13 


Fall Time (70% Vqd to 20% V DD , Cl = 200 pF) 
SPI Outputs (SCK, MOSI, and MISOJ_ 
SPI Inputs (SCK, MOSI, MISO, and SS) 


tfm 
tfs 




200 
2.0 


ns 

(J.S 



"Signal production depends on software. 
'Assumes 200 pF load on all SPI pins. 
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(INPUT) 



55 b Held High on Master 



SCK (CPOL-O) SEE 



(OUTPUT) 



H3) H h® 



SCK I 
(OUTP 



MISO 
(INPUT) 



WOSI 
(OUTPUT) 



I; 



MASTER MSB OUT 



<D- 



*<j2) -*| KO) 

< 



LSBIN 



> 



BIT6----1 

N — 



MASTER LSB OUT 



•Kg) 



NOTE: This first dock edge is generated internally but is not seen at the SCK pin. 

a) SPI MASTER TIMING (CPHA = 0) 



55 

(INPUT) 



SCK (CPOL-0) 
(OUTPUT) 



55 is Held High on Master 

-©- 



SCK (CPOL-1) 
(OUTPUT) 



MISO 
(INPUT) 



MSB IN y 



MOSI 
(OUTPUT) 



MASTER MSB OUT 



- < > 



BIT 6 1 

V— 



X 



*<§H kz> 



^ LSB IN [. 



MASTER LSB OUT 



7 



NOTE: This last dock edge is generated internally but is not seen at the SCK pin. 

b) SPI MASTER TIMING <CPHA = 1) 



Figure 28. SPI Timing Diagrams (Sheet 1 of 2) 
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55 

(INPUT) 



SCK (CPOL-0) 
(INPUT) 



SCK (CPOL-1) 
(INPUT) 



t 



MISO 
(OUTPUT) 



MOSI 
(INPUT) 



-©h kz> 



h© -II-® . d> 



BIT6----1 



SLAVE LSB OUT 



@H I- 



3 \ NOTE 3 '. 



\' MSB IN ^ BIT6--~T~^ ^ LSB IN ^ - 



NOTE Not defined but normally MSB of character just received. 

c) SPI SLAVE TIMING (CPHA = 0) 
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Figure 28. SPI Timing Diagrams (Sheet 2 of 2) 
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*OSC1 line is not meant to represent frequency It is only used to represent time 

*The next rising edge of the internal processor clock following the rising edge of RESET initiates the reset sequence 



Figure 29. Power-On Reset and RESET 
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ORDERING INFORMATION 

The following information is required when ordering a 
custom MCU. The information may be transmitted to 
Motorola in the following media: 
MDOS, disk file 

MS-DOS/PC-DOS disk file (360K) 

EPROM(s) 2764, MCM68764, MCM68766, or EEPROM 

MC68HC805C4 
To initiate a ROM pattern for the MCU, it is necessary 
to first contact the local field service office, a sales person, 
or a Motorola representative. 

FLEXIBLE DISKS 

A flexible disk (MS-DOS®/PC-DOS disk file), pro- 
grammed with the customer's program (positive logic 
sense for address and data), may be submitted for pattern 
generation. The diskette should be clearly labeled with 
the customer's name, data, project or product name, and 
the name of the file containing the pattern. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 

MS-DOS/PC-DOS Disk File 

MS-DOS is Microsoft's Disk Operating System. PC-DOS 
is the IBM® Personal Computer (PC) Disk Operating Sys- 
tem. Disk media submitted must be a standard density 
(360K) double-sided 5 1/4 inch compatible floppy diskette. 
The diskette must contain object file code in Motorola's 
S-record format. The S-record format is a character-based 
object file format generated by M6805 cross assemblers 
and linkers on IBM PC style machines. 

EPROMs 

A 2764, 68764, or 68766 type EPROM, programmed 
with the customer's program (positive logic sense for 
address and data), may be submitted for pattern gener- 
ation. Since all program and data space information will 
fit on one 2764, 68764, or 68766 EPROM device, the EPROM 
must be programmed as described in the following par- 
agraphs. 



For an MC68HCL805C4 MCU, start the page zero, user 
ROM at EEPROM address $0020 through $004F. Start the 
user ROM at EEPROM address $0100 through $10FF with 
vectors from $1 FF4 to $1 FFF. All unused bytes, including 
the user's space, must be set to zero. For shipment to 
Motorola, EPROMs should be placed in a conductive IC 
carrier and packed securely. Styrofoam is not acceptable 
for shipment. 




xxx = Customer ID 

Verification Media 

All original pattern media (EPROMs or floppy disks) are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked, and the verification form 
should be completed, signed, and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for the creation of the customer mask. To aid 
in the verification process, Motorola will program cus- 
tomer supplied blank EPROM(s) or DOS disks from the 
data file used to create the custom mask. 

ROM VERIFICATION UNITS (RVUs) 

Ten MCUs containing the customer's ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask, but are for the pur- 
pose of ROM verification only. For expediency, the MCUs 
are unmarked, packaged in ceramic, and tested with five 
volts at room temperature. These RVUs are free with the 
minimum order quantity, but are not production parts. 
RVUs are not backed or guaranteed by Motorola Quality 
Assurance. 



MDOS is a trademark of Motorola Inc. 
MS is a trademark of Microsoft, Inc. 

IBM is a registered trademark of International Business Machines Corporation. 
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ORDERING INFORMATION 

The following table provides ordering information pertaining to the package type, temperature, and MC order numbers 
for the MC68HCL05C4 device. 



Package Type 


Temperature 


MC Order Number 


Plastic 
(P Suffix) 


0°C to 70°C 


MC68HCL05C4P 


PLCC 
(FN Suffix) 


0°C to 70°C 


MC68HCL05C4FN 



PACKAGE DIMENSIONS 



40-PIN DUAL-IN-LINE PACKAGE 



44-LEAD PLCC PACKAGE 



RESET [ 
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NC[ 
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PA6[ 
PA5[ 
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PA2[ 
PA1 [ 
PAO 
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PB3[ 
PB4 
PB5 
PB6 [ 
PB7 [ 
V S S 



40 ] Vqp 
]OSC1 
] OSC2 
] TCAP 
] PD7 
] TCMP 
] PD5/SS 
] PD4/SCK 
] PD3/MOSI 
] PD2/MISO 
] PD1/TDO 
] PDO/RDI 
] PCO 
] PC1 
] PC2 
]PC3 
]PC4 
]PC5 
]PC6 
]PC7 



IUJ <- CM O. 

(/) QO U < 
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] PD7 
]TCMP_ 
3PD5/SS 
D PD4/SCK 
3PD3/MOSI 
D PD2/MISO 
DPD1/TDO 
D PDO/RDI 
DPCO 
DPC1 
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Technical Summary 

8-Bit Microcontroller Unit 

The MC68HCL05C8 (HCMOS) microcontroller unit (MCU) is a member of the M68HC05 Family of 
microcontrollers. This high-performance, low-power MCU has parallel I/O capability with pins pro- 
grammable as input or output. This publication contains condensed information on the MCU; for 
more detailed information, contact your local Motorola sales office. 

The following block diagram depicts the hardware features; additional features available on the 
MCU are as follows: 

• On-Chip Oscillator with RC or Crystal/Ceramic Resonator Mask Options 

• Memory-Mapped I/O 

• 176 Bytes of On-Chip RAM 

• 7740 Bytes of User ROM 

• 24 Bidirectional I/O Lines and 7 Input-Only Lines 

• Serial Communications Interface (SCI) System 

• Serial Peripheral Interface (SPI) System 

• Self-Check Mode 

• Power-Saving STOP, WAIT, and Data Retention Modes 

• Single 3.0- to 5.5-Volt Supply (2-Volt Data Retention Mode) 

• Fully Static Operation 

• 8x8 Unsigned Multiply Instruction 
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This document contains information on a new product Specifications and information herein are subject to change without notice 
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SIGNAL DESCRIPTION 

The signal descriptions of the MCU are discussed in 
the following paragraphs. 

vdd and Vss 

Power is supplied to the microcontroller using these 
two pins. Vdd is the positive supply, and V$s is ground. 

iRQ 

This pin is a programmable option that provides two 
different choices of interrupt triggering sensitivity. Refer 
to INTERRUPTS for more detail. 

OSC1, OSC2 

These pins provide control input for an on-chip clock 
oscillator circuit. A crystal, a ceramic resonator, a resistor/ 
capacitor combination, or an external signal connects to 



Crystal 





2 MHz 


4 MHz 


Units 


"SMAX 
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0 008 
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15-40 


15-30 


pF 


COSC2 


15-30 


15-25 


PF 


R P 


10 


10 


MO 


fl 


30 


40 


K 



these pins providing a system clock. A mask option se- 
lects either a crystal/ceramic resonator or a resistor/ca- 
pacitor as the frequency determining element. The 
oscillator frequency is two times the internal bus rate. 

RC Oscillator 

With this option, a resistor is connected to the oscillator 
pins as shown in Figure 1(d). The relationship between 
R and f osc is shown in Figure 2. 

Crystal 

The circuit shown in Figure 1 (b) is recommended when 
using a crystal. Using an external CMOS oscillator is rec- 
ommended when crystals outside the specified ranges 
are to be used. The crystal and components should be 
mounted as close as possible to the input pins to mini- 
mize output distortion and start-up stabilization time. Re- 
fer to ELECTRICAL SPECIFICATIONS for V DD 
specifications. 



Ceramic Resonator 
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(a) Crystal/Ceramic Resonator Parameters 
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=r= CQSC2 



(b) Crystal/Ceramic Resonator 
Oscillator Connections 



(c) Equivalent Crystal Circuit 
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(d) RC Oscillator Connections 



(e) External Clock Source Connections 
(For Crystal Mask Option Only) 



Figure 1. Oscillator Connections 



MOTOROLA MICROPROCESSOR DATA 
3-1054 



MC68HCL05C8 




Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option Only 



Ceramic Resonator 

A ceramic resonator may be used in place of the crystal 
in cost-sensitive applications. The circuit in Figure 1(b) is 
recommended when using a ceramic resonator. Figure 
1(a) lists the recommended capacitance and resistance 
values. The manufacturer of the resonator considered 
should be consulted for specific information on resonator 
operation. 

External Clock 

An external clock should be applied to the OSC1 input 
with the OSC2 input not connected, as shown in Figure 
1(e). This option may only be used with the crystal os- 
cillator mask option. 

INPUT CAPTURE (TCAP) 

This pin controls the input capture feature for the on- 
chip programmable timer. 

OUTPUT COMPARE (TCMP) 

This pin provides an output for the output compare 
feature of the on-chip timer. 



RESET 



This pin is used to reset the MC U and p rovide an or- 
derly start-up procedure by pulling RESET low. 

INPUT/OUTPUT PORTS (PA0-PA7, PB0-PB7, PC0-PC7) 

These 24 lines are arranged into three 8-bit ports (A, 
B, and C). These ports are programmable as either inputs 
or outputs under software control of the data direction 
registers. Refer to PROGRAMMING for additional infor- 
mation. 

FIXED INPUT PORT (PD0-PD5, PD7) 

These seven lines comprise port D, a fixed. input port. 
All special functions that are enabled (SPI, SCI) affect this 
port. Refer to PROGRAMMING for additional information. 



PROGRAMMING 

Input/output port programming, fixed input port pro- 
gramming, and serial port programming are discussed 
in the following paragraphs. 

INPUT/OUTPUT PORT PROGRAMMING 

Any port pin is programmable as either an input or an 
output under software control of the corresponding data 
direction register (DDR). Each port bit can be selected as 
output or input by writing the corresponding bit in the 
port DDR to a logic one for output and logic zero for input. 
On reset, all DDRs are initialized to logic zero to put the 
ports in the input mode. The port output registers are not 
initialized on reset but may be written to before setting 
the DDR bits to avoid undefined levels. 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Refer to 
Figure 3 for typical port circuitry and to Table 1 for a list 
of the I/O pin functions. 



Table 1. I/O Pin Functions 



RAW* 


DDR 


I/O Pin Functions 


0 


0 


The I/O pin is in input mode. Data is 
written into the output data latch. 


0 


1 


Data is written into the output data latch 
and output to the I/O pin. 


1 


0 


The state of the I/O pin is read. 


1 


1 


The I/O pin is in an output mode. The 
output data latch is read. 



*R/W is an internal signal. 
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Figure 3. Typical Port I/O Circuit 



FIXED INPUT PORT PROGRAMMING 

Port D is a fixed input port (PD0-PD5, PD7) that monitors 
the external pins whenever the SCI or SPI is disabled. 
After reset, all seven bits become valid inputs because 
all special function drivers are disabled. For example, 
with the SCI enabled, PDO and PD1 inputs will read zero. 
With the SPI disabled, PD2 through PD5 will read the state 
of the pin at the time of the read operation. 

NOTE 

Any unused inputs and I/O ports should be tied to 
an appropriate logic level (e.g., either Vqd or VSS)- 

SERIAL PORT (SCI AND SPI) PROGRAMMING 

The SCI and SPI use the port D pins for their functions. 
The SCI requires two pins (PD0-PD1) for its receive data 
input (RDI) and transmit data output (TDO), respectively. 
The SPI function requires four of the pins (PD2-PD5) for 
its serial data input/output (MISO), serial data output/ 
input (MOSI), serial clock (SCK), and slave select (SS), 
respectively. 



REGISTERS 

The MCU contains the registers described in the fol- 
lowing paragraphs. 

ACCUMULATOR (A) 

The accumulator is a general-purpose 8-bit register used 
to hold operands and results of arithmetic calculations 
or data manipulations. 



INDEX REGISTER (X) 

The index register is an 8-bit register used for the in- 
dexed addressing mode. It contains an 8-bit value that 
may be added to an 8- or 16-bit immediate value to create 
an effective address. The index register may also be used 
as a temporary storage area. 



MEMORY 

The MCU is capable of addressing 8192 bytes of mem- 
ory and I/O registers, as shown in Figure 4. The locations 
consist of user ROM, user RAM, self-check ROM, control 
registers, and I/O. The user-defined reset and interrupt 
vectors are located from $1FF4 to $1FFF. 

The shared stack area is used during processing of an 
interrupt or subroutine call to save the CPU state. The 
stack pointer decrements during pushes and increments 
during pulls. Refer to INTERRUPTS for additional infor- 
mation. 

NOTE 

Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. 



PROGRAM COUNTER (PC) 

The program counter is a 13-bit register that contains 
the address of the next byte to be fetched. 

12 0 

PC 



STACK POINTER (SP) 

The stack pointer is a 13-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set to location $00FF. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

When accessing memory, the seven most significant 
bits are permanently set to 000001 1 . These seven bits are 
appended to the six least significant register bits to pro- 
duce an address within the range of $00FF to $00C0. 
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256 Bytes 
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Ports 
7 Bytes 



Unused 
3 Bytes 



Serial Peripheral 
Interface 
3 Bytes 



Serial 
Communications 
Interface 
5 Bytes 



Timer 
10 Bytes 



Unused 
4 Bytes 



8191 J 



Port A Data Register 




Port B Data Register 


$01 


Port C Data Register 


$02 


Port D Fixed Input Register 


$03 


Port A Data Direction Register 




Port B Data Direction Register 


$05 


Port C Data Direction Register 


$06 


Unused 


$07 


Unused 


$06 




$09 


Serial Peripheral Control Register 


$0A 


Serial Peripheral Status Register 


$0B 


Serial Peripheral Data I/O Register 


$0C 


Serial Communications Baud Rate Register 


$0D 


Serial Communications Control Register 1 


$0E 






Serial Communications Status Register 
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Figure 4. Memory Map 



Subroutines and interrupts may use up to 64 (decimal) 
locations. If 64 locations are exceeded, the stack pointer 
wraps around and loses the previously stored informa- 
tion. A subroutine call occupies two locations on the stack; 
an interrupt uses five locations. 
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CONDITION CODE REGISTER (CCR) 

The CCR is a 5-bit register in which four bits are used 
to indicate the results of the instruction just executed. 
These bits can be individually tested by a program, and 
specific actions can be taken as a result of their state. 
Each bit is explained in the following paragraphs. 



CCR 



H 


1 


N 


Z 


c 



Half Carry (H) 

This bit is set during ADD and ADC operations to in- 
dicate that a carry occurred between bits 3 and 4. 

interrupt (I) 

When this bit is set, the timer and external interrupt is 
masked (disabled). If an interrupt occurs while this bit is 
set, the interrupt is latched and processed as soon as the 
interrupt bit is cleared. 

Negative (N) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative 
(bit 7 in the result is a logic one). 

Zero (Z) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 
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Carry/Borrow (C) 

When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during 
bit test and branch instructions and during shifts and 
rotates. 



SELF-CHECK 

The self-check capability provides the ability to deter- 
mine if the device is functional. Self-check is performed 
using the circuit shown in Figure 5. Port C pins PC0-PC3 
are monitored for the self-check results. After reset, the 
following seven tests are performed automatically: 
I/O — Exercise of ports A, B, and C 
RAM — Counter test for each RAM byte 
ROM — Exclusive OR with odd ones parity result 
Timer — Tracks counter register and checks OCF flag 
Interrupts — Tests external, timer, SCI and SPI in- 
terrupts 

SCI — Transmission test; checks RDRF, TDRE, TC, 
and FE flags 



SPI — Transmission test; checks SPIF, WCOL, and 
MODF flags 

Self-check results (using the LEDs as monitors) are 
shown in Table 2. The following subroutines are available 
to the user and do not require any external hardware. 

TIMER TEST SUBROUTINE 

This subroutine returns with the Z bit cleared if any 
error is detected; otherwise, the Z bit is set. The timer 
test subroutine is called at location $1FOE. The output 
compare register is first set to the current timer state. 
Because the timer is free running and has only a divide- 
by-four prescaler, each timer count cannot be tested. The 
test reads the timer once every 10 counts (40 cycles) and 
checks for correct counting. The test tracks the counter 
until the timer wraps around, triggering the output com- 
pare flag in the timer status register. RAM locations $0050 
and $0051 are overwritten. Upon return to the user's pro- 
gram, X = 40. If the test passed, A = 0. 

ROM CHECKSUM SUBROUTINE 

This subroutine returns with the Z bit cleared if any 
error is detected; otherwise, the Z bit is set. The ROM 




NOTE The RC Oscillator Option may also be used in this circuit 

Figure 5. Self-Check Circuit Schematic Diagram 
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Table 2. Self-Check Results 



PC3 


PC2 


PC1 


PCO 


Remarks 




0 


0 


1 


Bad I/O 




0 


1 


0 


Bad RAM 




0 


1 


1 


Bad Timer 




1 


0 


0 


Bad SCI 




1 


0 


1 


Bad ROM 




1 


1 


0 


Bad SPI 




1 


1 


1 


Bad Interrupts or IRQ Request 


Flashing 


Good Device 


All Others 


Bad Device, Bad Port C, etc. 



0 indicates LED is on, 1 indicates LED is off. 

checksum subroutine is called at location $1F93 with RAM 
location $0053 equal to $01 and A = 0. A short routine is 
set up and executed in RAM to compute a checksum of 
the entire ROM pattern. RAM locations $0050 through 
$0053 are overwritten. Upon return to the user's program, 
X = 0. If the test passed, A = 0. 

RESETS 

The MCU can be reset two ways: b y init ial pow er-up 
and by the external reset input (RESET). The RESET in put 
cons ists mainly of a Schmitt trigger that senses the RE- 
SET line logic level. 

POWER-ON RESET (POR) 

An internal reset is generated on power-up to allow 
the internal clock generator to stabilize. The power-on 
reset is strictly for power turn-on conditions and should 
not be used to detect a drop in the power supply voltage. 
There is a 4064 internal processor clock cyc le (t C yc ) delay 
after the oscillator becomes active. If the RESET pin is 
low at the end of 40 46 t cyc , the MCU will remain in the 
reset condition until RESET goes high. 

EXTERNAL RESET INPUT 

The MCU is reset when a logic zero is applied to the 
RESET input for a period of one and one-half machine 
cycles (t cyc ). 



INTERRUPTS 

The MCU can be interrupted five diffe rent ways: the 
four maskable hardware interrupts (IRQ, SPI, SCI, and 
timer) and the nonmaskable software interrupt instruc- 
tion (SWI). 

Interrupts cause the processor to save register contents 
on the stack and to set the interrupt mask (I bit) to prevent 
additional interrupts. The RTI instruction causes the reg- 
ister contents to be recovered from the stack and normal 
processing to resume. The stacking order is shown in 
Figure 6. 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted but are con- 
sidered pending until the current instruction is complete. 

NOTE 

The current instruction is the one already fetched 
and being operated on. 

When the current instruction is complete, the processor 
checks all pending hardware interrupts. If unmasked (I 
bit clear) and if the corresponding interrupt enable bit is 
set, the processor proceeds with interrupt processing; 
otherwise, the next instruction is fetched and executed. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex- 
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction, regardless of the l-bit state. 
Refer to Figure 7 for the reset and interrupt instruction 
processing sequence. 

TIMER INTERRUPT 

There are three different timer interrupt flags that cause 
a timer interrupt whenever they are set and enabled. The 
interrupt flags are in the timer status register (TSR), and 
the enable bits are in the timer control register (TCR). 
Refer to TIMER for more information. 

EXTERNAL INTERRUPT 

If the interrupt mask bit (I bit) of the CCR is set, all 
interrupts are disabled. Clearing the I bit enables the ex- 
ternal interrupt. The external interrupt is internally syn- 
chronized and then latched on the falling edge of IRQ. 
The action of the external interrupt is identical to the timer 
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Figure 7. Reset and Interrupt Processing Flowchart 



MOTOROLA MICROPROCESSOR DATA 
3-1060 



MC68HCL05C8 



interrupt with the exception that the interrupt request 
input at IRQ is latched internally and the service routine 
address is specified by the contents of $1 FFA and $1 FFB. 

Either a level-sensitive and edge-sensitive trigger, or 
an edge-sensitive-only trigger are available as a mask 
option. Figure 8 shows both a functional internal diagram 
and a mode timing diagram for the interrupt line. The 
timing diagram shows two treatments of the interrupt 
line to the processor. The first method shows a single 
pulse on the interrupt line spaced far enough apart to be 
serviced. The minimum time between pulses is a function 
of the length of the interrupt service. Once a pulse occurs, 
the next pulse should not occur until an RTI occurs. This 
time (t| LIL) is obtained by adding 21 instruction cycles to 
the total number of cycles it takes to complete the service 
routine (not including the RTI instruction). The second 
method shows many interrupt lines "wire-ORed" to form 
the interrupts at the processor. If the interrupt line re- 
mains low after servicing an interrupt, then the next in- 
terrupt is recognized. 



NOTE 

The internal interrupt latch is cleared in the first part 
of the interrupt service routine; therefore, one ex- 
ternal interrupt pulse could be latched and serviced 
as soon as the I bit is cleared. 

SOFTWARE INTERRUPT (SWI) 

The SWI is an executable instruction that is executed 
regardless of the state of the I bit in the CCR. If the I bit 
is zero, SWI executes after the other interrupts. The SWI 
operation is similar to the hardware interrupts. The in- 
terrupt service routine address is specified by the con- 
tents of memory locations $1FFC and $1FFD. 

SCI INTERRUPTS 

An interrupt in the SCI occurs when one of the interrupt 
flag bits in the serial communications status register is 
set, provided the I bit in the CCR is clear and the enable 
bit in the serial communications control register 2 is set. 
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(a) Interrupt Internal Function Diagram 
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Edge-Seneitive Trigger Condition 
The minimum pulse width lt|LIH' IS either 
125 ns ( V DD = 5 V) or 250 ns (V DD = 3 V) 
The period t||_iL should not be less than 
the number of tcy C cycles it takes to ex- 
ecute the interrupt service routine plus 21 
tcyc cycles 

Levei-Sentitive Trigger Condition 

If after servicing an interrupt the IRQ re- 
mains low, then the next interrupt is 
recognized 
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(b) Interrupt Mode Diagram 
Figure 8. External Interrupt 
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Software in the serial interrupt service routine must de- 
termine the cause and priority of the SCI interrupt by 
examining the interrupt flags and status bits in the SCI 
status register. 



c 



Stop 




SPI INTERRUPTS 

An interrupt in the SPI occurs when one of the interrupt 
flag bits in the serial peripheral status register is set, 
provided the I bit in the CCR is clear and the enable bit 
in the serial peripheral control register is set. Software 
in the serial peripheral interrupt service routine must de- 
termine the cause and priority of the SPI interrupt by 
examining the interrupt flag bits in the SPI status register. 



LOW-POWER MODES 

STOP 

The STOP instruction places the MCU in its lowest power 
consumption mode. In the STOP mode, the internal os- 
cillator is turned off, halting all internal processing in- 
cluding timer, SCI, and SPI operation (refer to Figure 9). 

During the STOP mode, the TCR bits are altered to 
remove any pending timer interrupt request and to dis- 
able any further timer interrupts. The timer prescaler is 
cleared. The I bit in the CCR is cleared to enable external 
interrupts. All other registers and memory remain unal- 
tered. All input/output lines remain unchanged. The pro- 
cessor can be brought out of the STOP mode only by an 
external interrupt or reset. 
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SCI during STOP Mode 

When the MCU enters the STOP mode, the baud rate 
generator stops, halting all SCI activity. If the STOP in- 
struction is executed during a transm itter transfer, that 
transfer is halted. If a low input to the IRQ pin is used to 
exit STOP mode, the transfer resumes. If the SCI receiver 
is receiving data and the STOP mode is entered, received 
data sampling stops because the baud rate generator 
stops, and all subsequent data is lost. For these reasons, 
all SCI transfers should be in the idle state when the STOP 
instruction is executed. 

SPI during Stop Mode 

When the MCU enters the STOP mode, the baud rate 
generator stops, terminating all master mode SPI oper- 
ations. If the STOP instruction is executed during an SPI 
transfer, that transfer halts until the MCU exits the STOP 
mode by a low signal on the IRQ pin. If reset is used to 
exit the STOP mode, then the SPI control and status bits 
are cleared, and the SPI is disabled. If the MCU is in the 
slave mode when the STOP instruction is executed, the 
slave SPI continues to operate and can still accept data 
and clock information in addition to transmitting its own 
data back to a master device. 

At the end of a possible transmission with a slave SPI 
in the STOP mode, no flags are set until a low on the IRQ 
pin wakes up the MCU. Caution should be observed when 
operating the SPI as a slave during the STOP mode be- 
cause the protective circuitry (WCOL, MODF, etc.) is in- 
active. 
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Figure 9. STOP Function Flowchart 



WAIT 

The WAIT instruction places the MCU in a low-power 
consumption mode, but the WAIT mode consumes more 
powerthan the STOP mode. All CPU action is suspended, 
but the timer, SCI, and SPI remain active (refer to Figure 
10). An interrupt from the timer, SCI, or SPI can cause 
the MCU to exit the WAIT mode. 

During the WAIT mode, the I bit in the CCR is cleared 
to enable interrupts. All other registers, memory, and 
input/output lines remain in their previous state. The timer 
may be enabled to allow a periodic exit from the WAIT 
mode. 

DATA RETENTION MODE 

The contents of RAM and CPU registers are retained 
at supply voltages as low as 2.0 Vdc. This is called the 
data retention mode where the data is held, but the device 
is not guaranteed to operate. The MCU should be in RESET 
during data retention mode. 
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Figure 10. WAIT Function Flowchart 



TIMER 

The timer consists of a 16-bit, software-programmable 
counter driven by a fixed divide-by-four prescaler. This 
timer can be used for many purposes, including input 
waveform measurements while simultaneously gener- 
ating an output waveform. Pulse widths can vary from 
several microseconds to many seconds. Refer to Figure 
11 for a timer block diagram. 

Because the timer has a 16-bit architecture, each spe- 
cific functional segment (capability) is represented by two 
registers. These registers contain the high and low byte 
of that functional segment. Generally, accessing the low 
byte of a specific timer function allows full control of that 
function; however, an access of the high byte inhibits 
that specific timer function until the low byte is also ac- 
cessed. 



NOTE 

The I bit in the CCR should be set while manipu- 
lating both the high and low byte register of a spe- 
cific timer function to ensure that an interrupt does 
not occur. 

COUNTER 

The key element in the programmable timer is a 16- 
bit, free-running counter or counter register, preceded by 
a prescaler that divides the internal processor clock by 
four. The prescaler gives the timer a resolution of 2.0 
microseconds if the internal bus clock is 2.0 MHz. The 
counter is incremented during the low portion of the in- 
ternal bus clock. Software can read the counter at any 
time without affecting its value. 

The double-byte, free-running counter can be read from 
either of two locations, $1 8— $1 9 (counter register) or 
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Figure 11. Timer Block Diagram 



$1A-$1B (counter alternate register). A read from only 
the least significant byte (LSB) of the free-running counter 
($1 9, $1 B) receives the count value at the time of the read. 
If a read of the free-running counter or counter alternate 
register first addresses the most significant byte (MSB) 
($18, $1A), the LSB ($19, $1B) is transferred to a buffer. 
This buffer value remains fixed after the first MSB read, 
even if the user reads the MSB several times. This buffer 
is accessed when reading the free-running counter or 
counter alternate register LSB ($19 or $1B) and, thus, 
completes a read sequence of the total counter value. In 
reading either the free-running counter or counter alter- 
nate register, if the MSB is read, the LSB must also be 
read to complete the sequence. 

The counter alternate register differs from the counter 
register in one respect: a read of the counter register MSB 
can clear the timer overflow flag (TOF). Therefore, the 
counter alternate register can be read at any time without 
the possibility of missing timer overflow interrupts due 
to clearing of the TOF. 



The free-running counter is configured to $FFFC during 
reset and is always a read-only register. During a power- 
on reset, the counter is also preset to $FFFC and begins 
running after the oscillator start-up delay. Because the 
free-running counter is 16 bits preceded by a fixed divide- 
by-four prescaler, the value in the free-running counter 
repeats every 262,144 internal bus clock cycles. When the 
counter rolls over from $FFFF to $0000, the TOF bit is set. 
An interrupt can also be enabled when counter rollover 
occurs by setting its interrupt enable bit (TOIE). 

OUTPUT COMPARE REGISTER 

The 16-bit output compare register is made up of two 
8-bit registers at locations $16 (MSB) and $17 (LSB). The 
output compare register is used for several purposes, 
such as indicating when a period of time has elapsed. All 
bits are readable and writable and are not altered by the 
timer hardware or reset. If the compare function is not 
needed, the two bytes of the output compare register can 
be used as storage locations. 
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The output compare register contents are compared 
with the contents of the free-running counter continually, 
and if a match is found, the corresponding output com- 
pare flag (OCF) bit is set and the corresponding output 
level (OLCL) bit is clocked to an output level register. The 
output compare register values and the output level bit 
should be changed after each successful comparison to 
establish a new elapsed timeout. An interrupt can also 
accompany a successful output compare provided the 
corresponding interrupt enable bit (OCIE) is set. 

After a processor write cycle to the output compare 
register containing the MSB ($16), the output compare 
function is inhibited until the LSB ($17) is also written. 
The user must write both bytes (locations) if the MSB is 
written first. A write made only to the LSB ($17) will not 
inhibit the compare function. The free-running counter is 
updated every four internal bus clock cycles. The mini- 
mum time required to update the output compare reg- 
ister is a function of the program rather than the internal 
hardware. 

The processor can write to either byte of the output 
compare register without affecting the other byte. The 
output level (OLVL) bit is clocked to the output level reg- 
ister regardless of whether the output compare flag (OCF) 
is set or clear. 



INPUT CAPTURE REGISTER 

Two 8-bit registers, which make up the 16-bit input 
capture register, are read-only and are used to latch the 
value of the free-running counter after the corresponding 
input capture edge detector senses a defined transition. 
The level transition which triggers the counter transfer is 
defined by the corresponding input edge bit (IEDG). Reset 
does not affect the contents of the input capture register. 

The result obtained by an input capture will be one 
more than the value of the free-running counter on the 
rising edge of the internal bus clock preceding the ex- 
ternal transition. This delay is required for internal syn- 
chronization. Resolution is one count of the free-running 
counter, which is four internal bus clock cycles. 

The free-running counter contents are transferred to 
the input capture register on each proper signal transition 
regardless of whether the input capture flag (ICF) is set 
or clear. The input capture register always contains the 
free-running counter value that corresponds to the most 
recent input capture. 

After a read of the input capture register ($14) MSB, 
the counter transfer is inhibited until the LSB ($15) is also 
read. This characteristic causes the time used in the input 
capture software routine and its interaction with the main 
program to determine the minimum pulse period. 

A read of the input capture register LSB ($1 5) does not 
inhibit the free-running counter transfer since they occur 
on opposite edges of the internal bus clock. 



TIMER CONTROL REGISTER (TCR) $12 

The TCR is a read/write register containing five control 
bits. Three bits control interrupts associated with the timer 
status register flags ICF, OCF, and TOF. 
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ICIE — Input Capture Interrupt Enable 
1 = Interrupt enabled 

0 = Interrupt disabled 

OCIE — Output Compare Interrupt Enable 

1 = Interrupt enabled 

0 = Interrupt disabled 

TOIE — Timer Overflow Interrupt Enable 

1 = Interrupt enabled 

0 = Interrupt disabled 
IEDG — Input Edge 

Value of input edge determines which level transition 
on TCAP pin will trigger free-running counter transfer 
to the input capture register 

1 = Positive edge 

0 = Negative edge 

Reset does not affect te IEDG bit (U = unaffected). 
OLVL — Output Level 
Value of output level is clocked into output level reg- 
ister by the next successful output compare and will 
appear on the TCMP pin 

1 =High output 
0 = Low output 

Bits 2, 3, and 4 — Not used 
Always read zero 



TIMER STATUS REGISTER (TSR) $13 

The TSR is a read-only register containing three status 
flag bits. 
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ICF — Input Capture Flag 

1 = Flag set when selected polarity edge is sensed by 
input capture edge detector 

0 = Flag cleared when TSR and input capture low reg- 

ister ($15) are accessed 
OCF — Output Compare Flag 

1 = Flag set when output compare register contents 

match the free-running counter contents 

0 = Flag cleared when TSR and output compare low 

register ($17) are accessed 
TOF — Timer Overflow Flag 

1 = Flag set when free-running counter transition from 

$FFFF to $0000 occurs 
0 = Flag cleared when TSR and counter low register 
($19) are accessed 
Bits 0-4 — Not used 
Always read zero 

Accessing the timer status register satisfies the first 
condition required to clear status bits. The remaining step 
is to access the register corresponding to the status bit. 
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A problem can occur when using the timer overflow 
function and reading the free-running counter at random 
times to measure an elapsed time. Without incorporating 
the proper precautions into software, the timer overflow 
flag could unintentionally be cleared if: 

1) The timer status register is read or written when 
TOF is set, and 

2) The LSB of the free-running counter is read but not 
for the purpose of servicing the flag. 

The counter alternate register at address $1A and $1B 
contains the same value as the free-running counter (at 
address $18 and $19); therefore, this alternate register 
can be read at any time without affecting the timer ov- 
erflow flag in the timer status register. 

TIMER DURING WAIT MODE 

The CPU clock halts during the WAIT mode, but the 
timer remains active. An interrupt from the timer causes 
the processor to exit the WAIT mode. 

TIMER DURING STOP MODE 

In the STOP mode, the timer stops counting and holds 
the last count value if STOP is exited by an interrupt. If 
RESET is used, the counter is forced to $FFFC. During 
STOP, if at least one valid input capture edge occurs at 
the TCAP pin, the input capture detect circuit is armed. 
This does not set any timer flags nor wake up the MCU, 
but when the MCU does wake up, there is an active input 
capture flag and data from the first valid edge that oc- 
curred during the STOP mode. If RESET is used to exit 
STOP mode, then no input capture flag or data remains, 
even if a valid input capture edge occurred. 



• Full-duplex operation (simultaneous transmit and re- 
ceive) 

• Software programmable for one of 32 different baud 
rates 

• Software-selectable word length (eight- or nine-bit 
words) 

• Separate transmitter and receiver enable bits 

• SCI may be interrupt driven 

• Four separate interrupt conditions 

SCI RECEIVER FEATURES 

• Receiver wake-up function (idle or address bit) 

• Idle line detect 

• Framing error detect 

• Noise detect 

• Overrun detect 

• Receiver data register full flag 

SCI TRANSMITTER FEATURES 

• Transmit data register empty flag 

• Transmit complete flag 

• Break send 

Any SCI two-wire system requires receive data in (RDI) 
and transmit data out (TDO). 

DATA FORMAT 

Receive data in (RDI) or transmit data out (TDO) is the 
serial data presented between the internal data bus and 
the output pin (TDO) and between the input pin (RDI) and 
the internal data bus. Data format is as shown for the 
NRZ in Figure 12. 



SERIAL COMMUNICATIONS INTERFACE 

A full-duplex asynchronous SCI is provided with a 
standard NRZ format and a variety of baud rates. The SCI 
transmitter and receiver are functionally independent but 
use the same data format and baud rate. The terms baud 
and bit rate are used synonymously in the following de- 
scription. 

SCI TWO-WIRE SYSTEM FEATURES 

• Standard NRZ (mark/space) format 

• Advanced error detection method includes noise de- 
tection for noise duration of up to one-sixteenth bit 
time 



WAKE-UP FEATURE 

In a typical multiprocessor configuration, the software 
protocol will usually identify the addressee(s) at the be- 
ginning of the message. To permit uninterested MPUs to 
ignore the remainder of the message, a wake-up feature 
is included, whereby all further SCI receiver flag (and 
interrupt) processing can be inhibited until its data line 
returns to the idle state. An SCI receiver is re-enabled by 
an idle string of at least ten (or eleven) consecutive ones. 
Software for the transmitter must provide for the required 
idle string between consecutive messages and prevent 
it from occurring within messages. 

A second wake-up method is available in which sleep- 
ing SCI receivers can be awakened by a logic one in the 
high-order bit of a received character. 



Control bit "M" 
Selects 8 or 9 bit data 
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* Stop bit is always high 
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Figure 12. Data Format 
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RECEIVE DATA IN 

Receive data in (RDI) is the serial data which is pre- 
sented from the input pin via the SCI to the receive data 
register (RDR). While waiting for a start bit, the receiver 
samples the input at a rate 16 times higher than the set 
baud rate. This increased rate is referred to as the RT 
rate. When the input (idle) line is detected low, it is tested 
for three more sample times. If at least two of these three 
samples detect a logic low, a valid start bit is assumed 
to be detected. If in two or more samples, a logic high is 
detected, the line is assumed to be idle. The receive clock 
generator is controlled by the baud rate register (see Fig- 
ure 13); however, the SCI is synchronized by the start bit 
independent of the transmitter. Once a valid start bit is 
detected, the start bit, each data bit, and the stop bit are 
each sampled three times. The value of the bit is deter- 
mined by voting logic, which takes the value of a majority 
of samples. A noise flag is set when all three samples on 
a valid start bit, data bit, or stop bit do not agree. A noise 
flag is also set when the start verification samples do not 
agree. 

START BIT DETECTION FOLLOWING A FRAMING ERROR 

If there has been a framing error (FE) without detection 
of a break (10 zeros for 8-bit format or 11 zeros for a 9- 
bit format), the circuit continues to operate as if there 
actually were a stop bit, and the start edge will be placed 
artificially. The last bit received in the data shift register 
is inverted to a logic one, and the three logic-one start 
qualifiers are forced into the sample shift register during 
the interval when detection of a start bit is anticipated; 
therefore, the start bit will be accepted no sooner than it 
is anticipated. 

If the receiver detects that a break (RDRF = 1, FE = 1, 
receiver data register = $00) produced the framing error, 
the start bit will not be artificially induced, and the re- 
ceiver must actually receive a logic one before start. 

TRANSMIT DATA OUT 

Transmit data out (TDO) is the serial data presented 
from the transmit data register (TDR) via the SCI to the 
output pin. The transmitter generates a bit time by using 
a derivative of the RT clock, producing a transmission 
rate equal to one-sixteenth that of the receiver sample 
clock. 

FUNCTIONAL DESCRIPTION 

A block diagram of the SCI is shown in Figure 13. The 
user has option bits in the serial communications control 
register 1 (SCCR1 ) to determine the SCI wake-up method 
and data word length. Serial communications control 
register 2 (SCCR2) provides control bits that individually 
enable/disable the transmitter or receiver, enable system 
interrupts, and provide wake-up enable, and send break 
code bits. The baud rate register bits allow the user to 
select different baud rates, which are used as the rate 
control for the transmitter and receiver. 

Data transmission is initiated by a write to the serial 
communications data register (SCDAT). Provided the 
transmitter is enabled, data stored in the SCDAT is trans- 
ferred to the transmit data shift register. This data transfer 



sets the SCI status register (SCSR) transmit data register 
empty (TDRE) bit and generates an interrupt if the trans- 
mit interrupt is enabled. Data transfer to the transmit data 
shift register is synchronized with the bit rate clock. All 
data is transmitted LSB first. Upon completion of data 
transmission, the transmission complete (TC) bit is set 
(provided no pending data, preamble, or break code is 
sent), and an interrupt is generated if the transmit com- 
plete interrupt is enabled. If the transmitter is disabled, 
and the data, preamble, or break code has been sent, the 
TC bit will also be set, which will also generate an inter- 
rupt if the TCIE bit is set. If the transmitter is disabled in 
the middle of a transmission, that character will be com- 
pleted before the transmitter gives up control of the TDO 
pin. 

When the SCDAT is read, it contains the last data byte 
received, provided that the receiver is enabled. The SCSR 
receive data register full (RDRF) bit is set to indicate that 
a data byte is transferred from the input serial shift reg- 
ister to the SCDAT, which can cause an interrupt if the 
receiver interrupt is enabled. Data transfer from the input 
serial shift register to the SCDAT is synchronized by the 
receiver bit rate clock. The SCSR overrun (OR), noise flag 
(NF), or FE bits are set if data reception errors occur. 

An idle line interrupt is generated if the idle line inter- 
rupt is enabled and the SCSR IDLE bit (which detects idle 
line transmission) is set. This allows a receiver that is not 
in the wake-up mode to detect the end of a message, the 
preamble of a new message, or to resynchronize with 
the transmitter. A valid character must be received before 
the idle line condition for the IDLE bit to be set and for 
an idle line interrupt to be generated. 

REGISTERS 

There are five registers used in the SCI; the internal 
configuration of these registers is discussed in the fol- 
lowing paragraphs. 

Serial Communications Data Register (SCDAT) $11 

The SCDAT is a read/write register used to receive and 
transmit SCI data. 
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As shown in Figure 13, SCDAT functions as two sep- 
arate registers. The transmit data register (TDR) provides 
the parallel interface from the internal data bus to the 
transmit shift register. The receive data register (RDR) 
provides the interface from the receive shift register to 
the internal data bus. 

Serial Communications Control Register 1 (SCCR1) $OE 

The SCCR1 provides control bits that determine word 
length and select the wake-up method. 
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NOTE The Serial Communications Data Register (SCDATI is controlled by the internal R/W signal It is the transmit data register when 
written and receive data register when read 

Figure 13. SCI Block Diagram 



R8 — Receive Data Bit 8 
R8 bit provides storage location for the ninth bit in the 
receive data byte (if M = 1). 
T8 — Transmit Data Bit 8 
T8 bit provides storage location for the ninth bit in the 
transmit data byte (if M = 1). 
M — SCI Character Word Length 

1 =one start bit, nine data bits, one stop bit 
0 = one start bit, eight data bits, one stop bit 



WAKE — Wake-Up Select 
Wake bit selects the receiver wake-up method. 
1 = Address bit (most significant bit) 
0 = Idle line condition 
Bits 0-2, and 5 — Not used 
Can read either one or zero 

The address bit is dependent on both the wake-bit and 
the M-bit level. Additionally, the receiver does not use 
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the wake-up feature unless the RWU control bit in SCCR2 
is set. 



Wake 


M 


Receiver Wake-Up 


0 


X 


Detection of an idle line allows the next data 
byte received to cause the receive data reg- 
ister to fill and produce an RDRF flag. 


1 


0 


Detection of a received one in the eighth 
data bit allows an RDRF flag and associated 
error flags. 


1 


1 


Detection of a received one in the ninth data 
bit allows an RDRF flag and associated error 
flags. 



Serial Communications Control Register 2 (SCCR2) $OF 

The SCCR2 provides control of individual SCI functions 
such as interrupts, transmit/receive enabling, receiver 
wake-up, and break code. 
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TIE — 
1 
0 

TCIE — 
1 
0 

RIE — 
1 
0 

ILIE — 
1 
0 

TE — 
1 



RE — 
1 



RWU 
1 



SBK — 
1 



Transmit Interrupt Enable 
= SCI interrupt enabled 
TDRE interrupt disabled 
Transmit Complete Interrupt Enable 
= SCI interrupt enabled 
= TC interrupt disabled 
Receive Interrupt Enable 
= SCI interrupt enabled 
= RDRF and OR interrupts disabled 

Idle Line Interrut Enable 
= SCI interrupt enabled 
= Idle interrupt disabled 
Transmit Enable 

= Transmit shift register output is applied to the TDO 
line. Depending upon the SCCR1 M bit, a pream- 
ble of 10 (M =0) or 1 1 (M = 1) consecutive ones is 
transmitted. 

= Transmitter disabled after last byte is loaded in 
the SCDAT and TDRE is set. After last byte is 
transmitted, TDO line becomes a high-impedance 
line. 
Receive Enable 

= Receiver shift register input is applied to the RDI 
line. 

= Receiver disabled and RDRF, IDLE, OR, NF, and 

FE status bits are inhibited. 
— Receiver Wake-Up 

= Places receiver in sleep mode and enables wake- 
up function 

= Wake-up function disabled after receiving data 
word with MSB set (if WAKE = 1 ) 
Wake-up function also disabled after receiving 10 
(M = 0) or 1 1 (M = 1 ) consecutive ones (if WAKE = 0) 
Send Break 

= Transmitter continually sends blocks of zeros (sets 
of 10 or 11) until cleared. Upon completion of 



break code, transmitter sends one high bit for rec- 
ognition of valid start bit. 
0 = Transmitter sends 10 (M = 0) or 11 (M = 1) zeros 
then reverts to an idle state or continues sending 
data. If transmitter is empty and idle, setting and 
clearing the SBK bit may queue up to two char- 
acter times of break because the first break trans- 
fers immediately to the shift register, and the 
second is queued into the parallel transmit buffer. 

Serial Communications Status Register (SCSR) $10 

The SCSR provides inputs to the SCI interrupt logic 
circuits. Noise flag and framing error bits are also con- 
tained in the SCSR. 
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TDRE 
1 



TC — 
1 



RDRF 
1 



IDLE 
1 
0 



OR — 
1 



NF — 
1 



FE 



— Transmit Data Register (TDR) Empty 

= TDR contents transferred to the transmit data shift 
register 

= TDR still contains data. TDRE iscleared by reading 
the SCSR (with TDRE = 1), followed by a write to 
the TDR. 
Transmit Complete 

= Indicates end of data frame, preamble, or break 

condition has occurred 
= TC bit cleared by reading the SCSR (with TC = 1), 
followed by a write to the TDR 

— Receive Data Register (RDR) Full 
= Receive data shift register contents transferred to 

the RDR 

= Receive data shift register transfer did not occur. 
RDRF is cleared by reading the SCSR (with 
RDRF = 1) followed by a read of the RDR 

— Idle Line Detect 

= Indicates receiver has detected an idle line 
= IDLE is cleared by reading the SCSR (with IDLE = 1 ), 
followed by a read of the RDR. Once IDLE is 
cleared, IDLE cannot be set until RDI line becomes 
active and idle again. 
Overrun Error 

= Indicates receive data shift register data is sent to 
a full RDR (RDRF = 1). Data causing the overrun 
is lost, and RDR data is not disturbed. 
= OR is cleared by reading the SCSR (with OR = 1 ), 
followed by a read of the RDR. 
Noise Flag 

= Indicates noise is present on the receive bits, in- 
cluding the start and stop bits. NF is not set until 
RDRF = 1. 

= NF is cleared by reading the SCSR (with NF=1), 

followed by a read of the RDR. 
Framing Error 

= Indicates stop bit not detected in received data 
character. FE is set the same time RDRF is set. If 
received byte causes both framing and overrun 
errors, processor will only recognize the overrun 
error. Further data transfer into the RDR is inhib- 
ited until FE is cleared. 
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0 = NF is cleared by reading the SCSR (with FE = 1), 
followed by a read of the RDR. 
Bit 0 — Not used 
Can read either one or zero 

Baud Rate Register SOD 

The baud rate register is used to select the SCI trans- 
mitter and receiver baud rate. SCPO and SCP1 prescaler 
bits are used in conjunction with the SCRO through SCR2 
baud rate bits to provide multiple baud rate combinations 
for a given crystal frequency. Bits 3, 6, and 7 always read 
zero. 
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RESET: 
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SCPO — SCI Prescaler Bit 0 

SCP1 — SCI Prescaler Bit 1 

Two prescaler bits are used to increase the range of 
standard baud rates controlled by the SCR0-SCR2 
bits. Prescaler internal processor clock division ver- 
sus bit levels are listed in Table 3. 

SCRO — SCI Baud Rate Bit 0 

SCR1 — SCI Baud Rate Bit 1 

SCR2 — SCI Baud Rate Bit 2 

Three baud rate bits are used to select the baud rates 
of the SCI transmitter and SCI receiver. Baud rates 
versus bit levels are listed in Table 4. 



Tables 3 and 4 tabulate the divide chain used to obtain 
the baud rate clock (transmit clock). The actual divider 
chain is controlled by the combined SCP0-SCP1 and SCR0- 
SCR2 bits in the baud rate register. All divided frequen- 
cies shown in Table 3 represent the final baud rate re- 
sulting from the internal processor clock division shown 
in the divided-by column only (prescaler division only). 
Table 4 lists the prescaler output divided by the action 
of the SCI select bits (SCR0-SCR2). For example, assume 
that a 9600-Hz baud rate is required with a 2.4576-MHz 
external crystal. In this case, the prescaler bits (SCPO- 
SCP1 ) could be configured as a divide-by-one or a divide- 
by-four. If a divide-by-four prescaler is used, then the 
SCR0-SCR2 bits must be configured as a divide-by-two. 
Using the same crystal, the 9600 baud rate can be ob- 
tained with a prescaler divide-by-one and the SCR0-SCR2 
bits configured for a divide-by-eight. 



SERIAL PERIPHERAL INTERFACE 

The serial peripheral interface (SPI) is an interface built 
into the MCU which allows several MCUs or MCUs plus 
peripherals to be interconnected within the same black 
box. In the SPI format, the clock is not included in the 
data stream and must be furnished as a separate signal. 
An SPI system may consist of one master MCU and sev- 
eral slaves (Figure 14) or MCUs that can be either masters 
or slaves. 



Table 3. Prescaler Highest Baud Rate Frequency Output 



SCP Bit 


Clock* 
Divided By 


Crystal Frequency MHz 


1 


0 


4.194304 


4.0 


2.4576 


2.0 


1.8432 


0 


0 


1 


131.072 kHz 


125.000 kHz 




76.80 kHz 


62.50 kHz 


57.60 kHz 


0 


1 


3 


43.691 kHz 


41.666 kHz 




25 60 kHz 


20.833 kHz 


19.20 kHz 


1 


0 


4 


32.768 kHz 


31.250 kHz 




19.20 kHz 


15 625 kHz 


14.40 kHz 


1 


1 


13 


10.082 kHz 


9600 Hz 




5.907 kHz 


4800 Hz 


4430 Hz 



•Refers to the internal processor clock. 

NOTE: The divided frequencies shown in Table 3 represent baud rates which are the highest transmit baud rate (Tx) that can be 
obtained by a specific crystal frequency and only using the prescaler division. Lower baud rates may be obtained by providing 
a further division using the SCI rate select bits as shown below for some representative prescaler outputs. 



Table 4. Transmit Baud Rate Output for a Given Prescaler Output 



SCR Bits 


Divided 
By 


Representative Highest Prescaler Baud Rate Output 


2 


1 


0 


131.072 kHz 


32.768 kHz 


76.80 kHz 


19.20 kHz 


9600 Hz 


0 


0 


0 


1 


131.072 kHz 


32.768 kHz 


76.80 kHz 


19.20 kHz 


9600 Hz 


0 


0 


1 


2 


65.536 kHz 


16.384 kHz 


38.40 kHz 


9600 Hz 


4800 Hz 


0 


1 


0 


4 


32.768 kHz 


8.192 kHz 


19 20 kHz 


4800 Hz 


2400 Hz 


0 


1 


1 


8 


16.384 kHz 


4.096 kHz 


9600 Hz 


2400 Hz 


1200 Hz 


1 


0 


0 


16 


8.192 kHz 


2.048 kHz 


4800 Hz 


1200 Hz 


600 Hz 


1 


0 


1 


32 


4.096 kHz 


1.024 kHz 


2400 Hz 


600 Hz 


300 Hz 


1 


1 


0 


64 


2.048 kHz 


512 Hz 


1200 Hz 


300 Hz 


150 Hz 


1 


1 


1 


128 


1.024 kHz 


256 Hz 


600 Hz 


150 Hz 


75 Hz 



NOTE: Table 4 illustrates how the SCI select bits can be used to provide lower transmitter baud rates by further dividing the prescaler 
output frequency. The five examples are only representative samples. In all cases, the baud rates shown are transmit baud 
rates (transmit clock), and the receive clock is 16 times higher in frequency than the actual baud rate. 
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Figure 14. Master-Slave System Configuration 



Features: 

• Full-duplex, three-wire synchronous transfers 

• Master or slave operation 

• 1.05 MHz (maximum) master bit frequency 

• 2.1 MHz (maximum) slave bit frequency 

• Four programmable master bit rates 

• Programmable clock polarity and phase 

• End-of-transmission interrupt flag 

• Write collision flag protection 

• Master-master mode fault protection capability 

SIGNAL DESCRIPTION 

The four basic signals (MOSI, MISO, SCK, and SS) are 
described in the following paragraphs. Each signal func- 
tion is described for both master and slave mode. 

Master Out, Slave In 

The master out, slave in (MOSI) line is configured as 
an output in a master device and as an input in a slave 
device. The MOSI line is one of two lines that transfer 
serial data in one direction with the most significant bit 
sent first. 



Master In, Slave Out 

The master in, slave out (MISO) line is configured as 
an input in a master device and as an output in a slave 
device. The MISO is one of two lines that transfer serial 
data in one direction with the most significant bit sent 
first. The MISO line of a slave device is placed in a high- 
impedance state if slave is not selected (SS = 1). 

Serial Clock 

The serial clock (SCK) is used to synchronize both data 
in and out of a device via the MOSI and MISO lines. The 
master and slave devices can exchange a byte of infor- 
mation during a sequence of eight clock cycles. Since 
SCK is generated by the master device, this line becomes 
an input on a slave device. 

As shown in Figure 15, four possible timing relation- 
ships may be chosen by using control bits CPOL and 
CPHA in the serial peripheral control register (SPCR). Both 
master and slave devices must operate with the same 
timing. 

Two bits (SPRO and SPR1) in the SPCR of the master 
device select the clock rate. In a slave device, SPRO and 
SPR1 have no effect on SPI operation. 



SCK (CPOL = 0) 



SCK <CP0L=1) 



SS* (Slaves) ~|_ 
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Data out 
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Sample Input ' 
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Figure 15. Data Clock Timing Diagram 
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Slave Select 

The slave select (SS) input line selects a slave device. 
The SS line must be low prior to data transactions and 
must stay low for the duration of the transaction. The SS 
line on the master must be tied high; if the SS line goes 
low, a mode fault error flag (MODF) is set in the serial 
peripheral status register (SPSR). 

When CPHA = 0, the shift clock is the OR of SS with 
SCK. In this clock phase mode, SS must go high between 
successive characters in an SPI message. When CPHA=1, 
SS must go high between successive characters in an 
SPI message. When CPHA=1, SS may be left low for 
several SPI characters. In cases where there is only one 
SPI slave MCU, the slave MCU SS line could be tied to 
Vss as long as CPHA=1 clock modes are used. 

FUNCTIONAL DESCRIPTION 

A block diagram of the SPI is shown in Figure 16. In a 
master configuration, the CPU sends a signal to the mas- 



Internal 
Processor 
Clock 



SCK (PD4) 



Rate 




Master 
Start 
Logic 


Generator 





SS (PD5) 



Slave 
Start 
Logic 



SPCR 
$0A 



Control 
Bits 



ter start logic, which originates an SPI clock (SCK) based 
on the internal processor clock. As a master device, data 
is parallel loaded into the 8-bit shift register from the 
internal bus during a write cycle and then serially shifted 
via the MOSI pin to the slave devices. During a read cycle, 
data is applied serially from a slave device via the MISO 
pin to the 8-bit shift register. Data is then parallel trans- 
ferred to the read buffer and made available to the in- 
ternal data bus during a CPU read cycle. 

In a slave configuration, the slave start logic receives 
a logic low at the SS pin and a clock input at the SCK 
pin. This synchronizes the slave with the master. Data 
from the master is received serially at the slave MOSI pin 
and shifted into the 8-bit shift register for a parallel trans- 
fer to the read buffer. During a write cycle, data is parallel 
loaded into the 8-bit shift register from the internal data 
bus, awaiting the clocks from the master to shift out se- 
rially to the MISO pin and then to the master device. 

Figure 17 illustrates the MOSI, MISO, SCK, and SS 
master-slave interconnections. 
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Figure 16. SPI Block Diagram 
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Figure 17. SPI Master-Slave Interconnections 
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REGISTERS 

There are three registers in the SPI that provide control, 
status, and data storage functions. These registers, the 
serial peripheral control register (SPCR), serial peripheral 
status register (SPSR), and serial peripheral data I/O reg- 
ister (SPDR), are described in the following paragraphs. 

Serial Peripheral Control Register $0A 

The SPCR provides control of individual SPI functions 
such as interrupt and system enabling/disabling, master/ 
slave mode select, and clock polarity/phase/rate select. 
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SPIE — Serial Peripheral Interrupt Enable 
1 = SPI interrupt enabled 

0 = SPI interrupt disabled 

SPE — Serial Peripheral System Enable 

1 = SPI system on 

0 = SPI system off 
MSTR — Master Mode Select 

1 = Master mode 

0 = Slave mode 
CPOL — Clock Polarity 

Clock polarity bit controls the clock value and is used 
in conjunction with the clock phase (CPHA) bit. 

1 =SCK line idles high 

0 = SCK line idles in low state 
CPHA — Clock Phase 

Clock phase bit along with CPOL controls the clock- 
data relationship between the master and slave de- 
vices. CPOL selects one of two clocking protocols. 

1 = SS is an output enable control. 

0 = Shift clock is the OR of SCK with SS. 

When SS is low, first edge of SCK invokes first 
data sample. 
SPRO, SPR1 — SPI Clock Rate Bits 
Two clock rate bits are used to select one of four clock 
rates to be used as SCK in the master mode. In the 
slave mode, the two clock rate bits have no effect. Clock 
rate selection is shown in the following table. 
Bit 5 - Not used 
Can read either one or zero 



SPR1 


SPRO 


Internal Processor 






Clock Divided By 


0 


0 


2 


0 


1 


4 


1 


0 


16 


1 


1 


32 



Serial Peripheral Status Register SOB 

The SPSR contains three status bits. 
7 6 5 4 3 2 
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RESET 
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0 
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SPIF — Serial Peripheral Data Transfer Flag 

1 = Indicates data transfer completed between pro- 
cessor and external device. 
(If SPIF=1 and SPIE = 1, SPI interrupt is ena- 
bled.) 

0=Clearing is accomplished by reading SPSR (with 
SPIF=1) followed by SPDR access. 
WCOL — Write Collision 

1 = Indicates an attempt is made to write to SPDR 
while data transfer is in process. 

0 = Clearing is accomplished by reading SPSR (with 

WCOL = 1), followed by SPDR access. 
MODF — Mode Fault Flag 

1 = Indicates multi-master system control conflict. 
0 = Clearing is accomplished by reading SPSR (with 

MODF=1), followed by a write to the SPCR. 
Bits 0-3, and 5 — Not used 
Can read either zero or one 

Serial Peripheral Data I/O Register $0C 

The SPDR is a read/write register used to receive and 
transmit SPI data. 
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A write to the SPDR places data directly into the shift 
register for transmission. Only a write to this register will 
initiate transmission/reception of another byte and will 
only occur in the master device. On completion of byte 
transmission, the SPIF status bit is set in both master and 
slave devices. 

A read to the SPDR causes the buffer to be read. The 
first SPIF status bit must be cleared by the time a second 
data transfer from the shift register to the read buffer 
begins, or an overrun condition will exist. In overrun cases, 
the byte causing the overrun is lost. 



INSTRUCTION SET 

The MCU has a set of 62 basic instructions. They can 
be divided into five different types: register/memory, read- 
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 

This MCU uses all the instructions available in the 
M146805 CMOS Family plus one more: the unsigned 
multiply (MUL) instruction. This instruction allows un- 
signed multiplication of the contents of the accumulator 
(A) and the index register (X). The high-order product is 
then stored in the index register, and the low-order prod- 
uct is stored in the accumulator. A detailed definition of 
the MUL instruction is shown below. 



Operation 


X:A X*A 


Description 


Multiplies the eight bits in the index register 
by the eight bits in the accumulator to obtain 
a 1 6-bit unsigned number in the concatenated 
accumulator and index register 



Continued 
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Operation 

Condition 
Codes 



Source 



Form(s) 



X:A X«A 

H: Cleared 
I: Not affected 
N: Not affected 
Z: Not affected 
C: Cleared 



MUL 



Addressing 
Mode 
Inherent 



Cycles 
11 



Bytes 
1 



Opcode 
$42 




REGISTER/MEMORY INSTRUCTIONS 

Most of these instructions use two operands. One op- 
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 
jump to subroutine (JSR) instructions have no register 
operand. Refer to the following instruction list. 



Function 


Mnemonic 


Load A from Memory 


LDA 


Load X from Memory 


LDX 


Store A in Memory 


' STA 


Store X in Memory 


STX 


Add Memory to A 


ADD 


Add Memory and Carry to A 


ADC 


Subtract Memory 


SUB 


Subtract Memory from A with Borrow 


SBC 


AND Memory to A 


AND 


OR Memory with A 


ORA 


Exclusive OR Memory with A 


EOR 


Arithmetic Compare A with Memory 


CMP 


Arithmetic Compare X with Memory 


CPX 


Bit Test Memory with A (Logical Compare) 


BIT 


Jump Unconditional 


JMP 


Jump to Subroutine 


JSR 



BIT MANIPULATION INSTRUCTIONS 

The MCU is capable of setting or clearing any writable 
bit which resides in the first 256 bytes of the memory 
space where all port registers, port DDRs, timer, timer 
control, ROM, and on-chip RAM reside. An additional 
feature allows the software to test and branch on the state 
of any bit within these 256 locations. The bit set, bit clear 
and bit test, and branch functions are all implemented 
with a single instruction. For test and branch instructions, 
the value of the bit tested is also placed in the carry bit 
of the condition code register. Refer to the following list 
for bit manipulation instructions. 



Function 


Mnemonic 


Branch if Bit n is Set 


BRSETn(n = 0...7) 


Branch if Bit n is Clear 


BRCLRn(n = 0...7) 


Set Bit n 


BSET n (n = 0 ..7) 


Clear Bit n 


BCLR n (n = 0...7) 



READ-MODIFY-WRITE INSTRUCTIONS 

These instructions read a memory location or a reg- 
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 



Function 


Mnemonic 


Increment 


INC 


Decrement 


DEC 


Clear 


CLR 


Complement 


COM 


Negate (Twos Complement) 


NEG 


Rotate Left Thru Carry 


ROL 


Rotate Right Thru Carry 


ROR 


Logical Shift Left 


LSL 


Logical Shift Right 


LSR 


Arithmetic Shift Right 


ASR 


Test for Negative or Zero 


TST 


Multiply 


MUL 



BRANCH INSTRUCTIONS 

This set of instructions branches if a particular condi- 
tion is met; otherwise, no operation is performed. Branch 
instructions are two-byte instructions. Refer to the fol- 
lowing list for branch instructions. 



Function 


Mnemonic 


Branch Always 


BRA 


Branch Never 


BRN 


Branch if Higher 


BHI 


Branch if Lower or Same 


BLS 


Branch if Carry Clear 


BCC 


Branch if Higher or Same 


BHS 


Branch if Carry Set 


BCS 


Branch if Lower 


BLO 


Branch if Not Equal 


BNE 


Branch if Equal 


BEQ 



— Continued — 
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Function 


Mnemonic 


Branch if Half Carry Clear 


BHCC 


Branch if Half Carry Set 


BHCS 


Branch if Plus 


BPL 


Branch if Minus 


BMI 


Branch if Interrupt Mask Bit is Clear 


BMC 


Branch if Interrupt Mask Bit is Set 


BMS 


Branch if Interrupt Line is Low 


BIL 


Branch if Interrupt Line is High 


BIH 


Branch to Subroutine 


BSR 


CONTROL INSTRUCTIONS 




These instructions are register reference instructions 
and are used to control processor operation during pro- 
gram execution. Refer to the following list for control 
instructions. 


Function 


Mnemonic 


Transfer A to X 


TAX 


Transfer X to A 


TXA 


Set Carry Bit 


SEC 


Clear Carry Bit 


CLC 


Set Interrupt Mask Bit 


SEI 


Clear Interrupt Mask Bit 


CLI 


Software Interrupt 


SWI 


Return from Subroutine 


RTS 


Return from Interrupt 


RTI 


Reset Stack Pointer 


RSP 


No-Operation 


NOP 


Stop 


STOP 


Wait 


WAIT 



OPCODE MAP SUMMARY 

Table 5 is an opcode map for the instructions used on 
the MCU. 



ADDRESSING MODES 

The MCU uses ten different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code con- 
version tables, and scaling tables anywhere in the mem- 
ory space. Short indexed accesses are single byte 
instructions; the longest instructions (three bytes) permit 
accessing tables throughout memory. Short and long ab- 
solute addressing is also included. One- or two-byte di- 
rect addressing instructions access all data bytes in most 
applications. Extended addressing permits jump instruc- 
tions to reach all memory. 



The term "effective address" (FA) is used in describing 
the various addressing modes. Effective address is de- 
fined as the address from which the argument for an 
instruction is fetched or stored. 

IMMEDIATE 

In the immediate addressing mode, the operand is con- 
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize a loop counter). 

DIRECT 

In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 

EXTENDED 

In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. When using 
the Motorola assembler, the user need not specify whether 
an instruction uses direct or extended addressing. The 
assembler automatically selects the shortest form of the 
instruction. 

RELATIVE 

The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8- 
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from -126 to +129 from 
the opcode address. The programmer need not calculate 
the offset when using the Motorola assembler, since it 
calculates the proper offset and checks to see that it is 
within the span of the branch. 

INDEXED, NO OFFSET 

In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. This addressing mode can access the first 256 
memory locations. These instructions are only one byte 
long. This mode is often used to move a pointer through 
a table or to hold the address of a frequently referenced 
RAM or I/O location. 

INDEXED, 8-BIT OFFSET 

In the indexed, 8-bit offset addressing mode, the ef- 
fective address isthe sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
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Table 5. Opcode Map 





Bit Manipulation 


Branch 


Reed/Modify/Write Control 


Register/ Memory 




BTB 


B^C 


PEL 


DIR 


INH 1 INH 


1X1 


IX . INH 


INH 


IMM 


DIR 




1X2 


1X1 


— ¥ — 


Hi 


0 

0000 


0001 


r 

0010 


3 

0011 


4 1 5 

0100 I 0101 


6 

0110 


7 ' 8 
0111 1000 


9 

1001 


A 

1010 


B 

1011 


1100 


D 

1101 


E 

1110 


mi 


^I^^Low" 


0 

0000 


5 

BRSETO 

3 BTB 


r 

BSETO 

2 BSC 


BRA 

2 REL 


5 

NEG 

2 QiR 


3 

NEGA 


3 

NEGX 


NEG 

2 ml 


4 

NEG 


RTI 





■ ' J" 

SUB 


3 

SUB 

2 Di" 


4 

SUB 
3 [XT 


5 

SUB 
3 1X2 


4 

SUB 

2 IXI 


3 

SUB 


0 
0000 


1 

0001 


5 

BRCLRO 

3 BTB 


5 

BCLRO 
2 BSC 


BRN 
2 REL 












RTS 


CMP 


3 

CMP 

2 DIR 


CMP 

3 EXT 


s 

CMP 
3 1X2 


CMP 

2 ixi 


3 

CMP 


1 

0001 


2 

0010 


BRSET1 
3 BTB 


5 

BSET1 

2 BSC 


BHI 

2 BEL 




ii 












2 

SBC 

2 IMM 


3 

SBC 

2 DIR 


SBC 

3 EXT 


J 

SBC 

3 1X2 


SBC 

2 IXI 


3 

SBC 


2 

0010 


3 
0011 


5 

BRCLR1 
3 BTB 


b 

BCLR1 

2 BSC 


BLS 

2 PEL 


5 

COM 

2 DIB 


co 3 


co 3 


6 

COM 

2 ml 


^ b 


1C 

_, JJH. 




2 

CPX 
2 IMM 


3 

CPX 

2 DIR 


CPX 

3 EXT 


5 

CPX 

3 1X2 


CPX 

2 IXI 


3 

CPX 

1 IX 


3 

0011 


4 

0100 


5 

BRSET2 

3 BTB_ 


5 

BSET2 

2 BSC 


BCC 

2 "EL 


LSR 

2 DTB 


3 

1 INH 


3 

INH 


6 

LSR 

2 ixl 


b 

1 [«_ 






2 

AND 

2 IMM 


3 

AND 

2 DIR 


AND 

3 EXT 


s 

AND 

3 1X2 


AND 

2 IXI 


3 

AND 


4 

0100 


5 

0101 


BRCLR2 
3 BTB 


5 

BCLR2 

2 BSC 


BCS 

2 BEL 
















2 

BIT 

2 IMM 


3 

BIT 

2 DIR 


BIT 

3 EXT 


5 

BIT 

3 1X2 


BIT 

2 IXI 


i 

BIT 

1 IX 


5 

0101 


6 

0110 


BRSET3* 


5 

BSET3 
2 BSC 


BNE 

2 BEL 


5 

ROR 

2 DIB 


3 

ROR A 


3 

RORX 


6 

ROR 

2 1X1 


s 

ROR 






2 

LDA 

2 IMM 


3 

LDA 

2 DIR 


LDA 

3 EXT 


5 

LDA 

J ^ 


LDA 

2 1X1 


3 

LDA 
1 IX 


6 

0110 


7 
0111 


3 BTB^ 

BRCLR3 


5 

BCLR3 

2 BSC 


BEQ 

2 BEL 


5 

ASR 

2 DIR 


3 

ASR A 

1 INH 


3 

ASRX 
1 INH 


6 

ASR 
2 ixi 


b 

ASR 




2 

TAX 




STA 

2 DIR 


STA 

3 EXT 


STA 

3 1X2 


STA 

2 1X1 


4 

STA 

1 IX 


7 
0111 


8 

1000 


3 BT| 

BRSET4 

3 BTB 


6 

BSET4 

2 BSC 


3 

BHCC 

2 BEL 


5 

LSL 

2 DIB 


3 

LSLA 

1 INH 


3 

LSLX 


6 

LSL 
2 1X1 


b 

LSL 




2 

CLC 

1 INH 


2 

EOR 

2 IMM 


3 

EOR 

2 DIR 


EOR 
3 EXT 


5 

EOR 

3 1X2 


EOR 

2 1X1 


3 

EOR 

1 IX 


8 

1000 


3 

1001 


5 

BRCLR4 
3 BTB 


5 

BCLR4 

2 BSC 


3 

BHCS 

2 BEL 


5 

ROL 

2 DIR 


3 

ROLA 

1 INH 


3 

ROLX 
1 INH 


e 

ROL 
2 ixi 


5 

ROL 




2 

SEC 

1 INH 


2 

ADC 

2 IMM 


3 

ADC 

2 DIR 


ADC 

3 EXT 


5 

ADC 

3 1X2 


ADC 

2 ixi 


3 

ADC 


9 

1001 


A 

1010 


BRSET5 

3 BTB 


BSET5 

2 BSC 


3 

BPL 

2 BEL 


5 

DEC 

2 DIR 


3 

DECA 

1 INH 


3 

DECX 

1 INH 


6 

DEC 
2 1X1 


b 

DEC 




2 

CLI 


2 

ORA 

2 IMM 


3 

ORA 

2 DIR 


ORA 

3 EXT 


5 

ORA 

3 1X2 


ORA 

2 1X1 


3 

ORA 


A 

1010 


B 

1011 


6 

BRCLR5 
3 BTB 


5 

BCLR5 


3 

BMI 

2 BEL 














2 

SEI 

1 INH 


2 

ADD 

2 IMM 


3 

ADD 

2 DIR 


ADD 

3 EXT 


5 

ADD 

3 1X2 


ADD 

2 1X1 


3 

ADD 

1 tx 


B 

1011 


c 

1100 


5 

BRSET6 
3 BTB 


2 BS| 

BSET6 

2 BSC 


3 

BMC 

2 BEL 


5 

INC 

2 DIR 


3 

INCA 


3 

INCX 


e 

INC 

2 ixi 


5 

INC 




2 

RSP 

1 INH 




2 

JMP 

2 DIR 


JMP 

3 EXT 


JMP 

3 1X2 


JMP 

2 1X1 


2 

JMP 

1 IX 


c 

1100 


D 

1101 


5 

BRCLR6 
3 BTB 


5 

BCLR6 
2 BSC 


3 

BMS 

2 BEL 


TST 

2 DIR 


3 

TSTA 


3 

TSTX 


b 

TST 
2 1X1 


TST 




2 

NOP 
1 INH 


6 

BSR 

2 REL 


5 

JSR 

2 DIR 


JSR 

3 EXT 


7 

JSR 

3 1X2 


JSR 

2 1X1 


5 

JSR 

1 IX 


D 
1101 


E 

1110 


BRSET7 

3 BTB 


BSET7 
2 BSC 


3 

BIL 
2 REL 












2 

STOP 




J 

LDX 

2 IMM 


3 

LDX 

2 DIB 


LDX 
3 EXT 


5 

LDX 
_3 ^ 


LDX 

2 1X1 


3 

LDX 

1 IX 


E 

1110 


F 

1111 


BRCLR7 

3 BTB 


BCLR7 

2 BSC 


3 

BIH 

2 BEL 


5 

CLR 

2 DIR 


CLRA 

1 INH 


3 

CLRX 

1 INH 


6 

CLR 

2 IX! 


b 

CLR 


2 

WAIT 

1 INH 


2 

TXA 

1 INH 




STX 

2 DIR 


STX 
3 EXT 


STX 
3 1X2 


STX 
2 1X1 


4 

STX 

1 IX 


F 

mi 



o 

in 



Abbreviation* for Add ret* Modes 



INH 


Inherent 


A 


Accumulator 


X 


Index Register 


IMM 


Immediate 


DIR 


Direct 


EXT 


Extended 


REL 


Relative 


BSC 


Bit Set/ Clear 


BTB 


Bit Test and Branch 


IX 


Indexed (No Offset) 


1X1 


Indexed, 1 Byte (8-Bit) Offset 


IX2 


Indexed, 2 Byte (16-Bit) Offset 




Cycles 



Opcode in Hexadecimal 
Opcode in Binary 

Address Mode 



MC68HCL05C8 



tables may begin anywhere within the first 256 address- 
able locations and could extend as far as location 510 
($1 FE is the last location at which the instruction may 
begin). 

INDEXED, 16-BIT OFFSET 

In the indexed, 16-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 
the opcode. This address mode can be used in a manner 
similar to indexed, 8-bit offset except that this three-byte 
instruction allows tables to be anywhere in memory. As 
with direct and extended addressing, the Motorola as- 
sembler determines the shortest form of indexed ad- 
dressing. 

BIT SET/CLEAR 

In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode, and the byte following 
the opcode specifies the direct addressing of the byte in 
which the specified bit is to be set or cleared. Any read/ 
write bit in the first 256 locations of memory, including 
I/O, can be selectively set or cleared with a single two- 
byte instruction. 



BIT TEST AND BRANCH 

The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 
bit that is to be tested and its condition (set or clear), is 
included in the opcode. The address of the byte to be 
tested is in the single byte immediately following the 
opcode byte. The signed relative 8-bit offset in the third 
byte is added to the PC if the specified bit is set or cleared 
in the specified memory location. This single three-byte 
instruction allows the program to branch based on the 
condition of any readable bit in the first 256 locations of 
memory. The span of branching is from - 125 to +130 
from the opcode address. The state of the tested bit is 
also transferred to the carry bit of the condition code 
register. 

INHERENT 

In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in- 
structions are one byte long. 



ELECTRICAL SPECIFICATIONS 

MAXIMUM RATINGS (Voltages referenced to Vss) 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


VDD 


-0 3 to +7.0 


V 


Input Voltage 


V,n 


V S S -0.3 to 
V D D +0.3 


V 


Self-Check Mode (IRQ Pin Only) 


V,n 


V S S-0 3to 
2xVdd + 0 3 


V 


Current Drain Per Pin Excluding 
Vqd and Vss 


I 


25 


mA 


Operating Temperature Range 
MC68HCL05C8P, FN 


t a 


T L to T H 
0 to +70 


°C 


Storage Temperature Range 


T stg 


-65 to +150 


°C 



This device contains circuitry to protect the in- 
puts against damage due to high static voltages 
or electric fields, however, it is advised that nor- 
mal precautions be taken to avoid application of 
any voltage higher than maximum-rated voltages 
to this high-impedance circuit. For proper oper- 
ation, it is recommended that V m and V ou t be 
constrained to the range V$S 55 (Vin or Vout) s 
VrjD Reliability of operation is enhanced if un- 
used inputs are connected to an appropriate logic 
voltage level (e g., either Vss or v dd)- 



THERMAL CHARACTERISTICS 



Characteristic 


Symbol 


Value 


Unit 


Thermal Resistance 


«ja 




°C/W 


Plastic 


60 




Plastic Leaded Chip Carrier (PLCC) 




70 





POWER CONSIDERATIONS 

The average chip-junction temperature, Tj, in °C can 
be obtained from: 



Tj = t a +(p d **»ja) (1) 



where: 




T A 


= Ambient Temperature, °C 


»JA 


= Package Thermal Resistance, 




Junction-to-Ambient, "C/W 


Pd 


= P INT+P|/0 


Pint 


= Irjc x V CC> Watts — Chip Internal Power 


P|/0 


= Power Dissipation on Input and Output 




Pins — User Determined 



For most applications P|/o < P|NT and can ^ e ne g'ected. 

The following is an approximate relationship between 
Pp and Tj (if P|/q is neglected): 

P D = K-(Tj + 273°C) (2) 

Solving equations (1) and (2) for K gives: 

K = P D .(T A + 273°C) + 0 JA -P D 2 (3) 
where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring Pq 
(at equilibrium) for a known T^. Using this value of K, 
the values of Prj and Tj can be obtained by solving equa- 
tions (1) and (2) iteratively for any value of T A . 
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V DD = 4.5V 



Pins 


R1 


R2 


c 


PA0-PA7, 
PB0-PB7, 
PC0-PC7, 
PD1-PD4 


3.26 kfl 


2.38 kfl 


50 pF 


PDO, PD5, PD7 


1.9 kO 


2.26 kn 


200 pF 


V DD = 3.0 V 


Pins 


R1 


R2 


C 


PA0-PA7, 
PB0-PB7, 
PC0-PC7, 
PD1-PD4 


10.91 Ml 
6.32 kfl 


50 pF 




PDO, PD5, PD7 


6 kn 


6 kn 


200 pF 



VDD 



R2 

• (See Table) 



Test 
Point 



C 
(See 
Table) 



r 

T 




Figure 18. Equivalent Test Load 

DC ELECTRICAL CHARACTERISTICS 

(Vdd = 5.0 Vdc± 10%, Vss = 0 Vdc, Ta = T(_ to Th, unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Output Voltage, iLoad^O O m-A' 


vol 

VOH 


Vdd-0.1 




0 1 


V 


Output High Voltage 
dLoad = 0-8 mA) PA0-PA7, PB0-PB7, PC0-PC7, TCMP (see Figure 19) 
< l Load = 1 -6 mA) PD1-PD4 (see Figure 20) 


VOH 


VDD-0.8 
VdD-0.8 






V 


Output Low Voltage (see Figure 21) 
dLoad =1 -6 mA) PA0-PA7, PB0-PB7, PC0-PC7, PD1-PD4,TCMP 


vol 






04 


V 


Input High Voltage 
PA0-PA7, PB0-PB7, PC0-PC7, PD0-PD5, PD7, TCAP, IRQ, 
RESET, OSC1 


V|H 


07xV DD 




V D D 


V 


Input Low Voltage 
PA0-PA7, PB0-PB7, PC0-PC7, PD0-PD5, PD7, TCAP, IRQ, 
RESET, OSC1 


V|L 


vss 




0 2xV DD 


V 


Data Retention Mode (0° to 70°C) 


Vrm 


2.0 






V 


Supply Current (see Notes) 
Run (see Figures 22 and 23) 
Wait (see Figures 22 and 23) 
Stop (see Figure 23) 
25°C 

0° to 70°C 


Idd 






50 
2 75 

15 

25 


mA 
mA 

HA 
^A 


I/O Ports Hi-Z Leakage Current 
PA0-PA7, PB0-PB7, PC0-PC7, PD1-PD4 


IlL 






±1.0 


(JLA 


Input Current 
RESET, IRQ, TCAP, OSC1, PDO, PD5, PD7 


l.n 






±1 


M-A 


Capacitance 
Ports (as Input or Output) 
RESET, IRQ, TCAP, PD0-PD5, PD7 


c out 
Cm 






12 

8 


pF 



NOTES: 

1. All values shown reflect average measurements. 

2. Typical values at midpoint of voltage range, 25°C only. 

3. Wait IqD- 0n| V timer system active (SPE = TE = RE=0). If SPI, SCI active (SPE = TE = RE = 1 ) add 10% current draw. 

4 Run (Operating) Idd, Wait Idd : Measured using external square wave clock source (f 0 sc = 2 1 MHz), all inputs 02 V from rail, 
no dc loads, less than 50 pF on all outputs, C|_ = 20 pF on OSC2. 

5. Wait, Stop Idd: All ports configured as inputs, Vji_ = 0 2 V, V|h = Vdd-° 2 v 

6. Stop Idd measured with OSC1 =Vss 

7. Standard temperature range is 0° to 70°C. A 25°C only version is available. 

8. Wait Idd is affected linearly by the OSC2 capacitance. 
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DC ELECTRICAL CHARACTERISTICS 

(Vdd = 2 - 4 Vdc-3 6 Vdc, Vss = 0 Vdc, Ta = Tl to T|-|, unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Output Voltage, iLoad 5510 0 M-A 


vol 

V 0 H 


vdd-o-1 




0.1 


V 


Output High Voltage 
('Load = 0-2 mA) PA0-PA7, PB0-PB7, PC0-PC7, TCMP (see Figure 19) 
( | Load = 0 4 mA) PD1-PD4 (see Figure 20) 


VOH 


vdd-o-3 

VdD-03 






V 


Output Low Voltage (see Figure 21) 
dLoad = 0'4 mA) PA0-PA7, PB0-PB7, PC0-PC7, PD1-PD4, TCMP 


vol 




- 


0.3 


V 


Input High Voltage 
PA0-PA7, PB0-PB7, PC0-PC7, PD0-PD5, PD7, TCAP, IRQ, 
RESET, OSC1 


V|H 


0.7xV DD 




V D D 


V 


Input Low Voltage 
PA0-PA7, PB0-PB7, PC0-PC7, PD0-PD5, PD7, TCAP, IRQ, 
RESET, OSC1 


V|L 


vss 


— 


02xV DD 


V 


Data Retention Mode (0° to 70°C) 


Vrm 


2.0 






V 


Supply Current (3.6 Vdc at 1 0 MHz) 
Run (See Figures 22 and 24) 
Wait (See Figures 22 and 24) 
Stop (See Figure 24) 
25°C 

0°C to 70°C 


Idd 


- 

— 


- 
— 


1.75 
900 

5.0 
10 


mA 

LtA 

l*A 

jjlA 


Supply Current (2.4 Vdc at 500 kHz) 
Run (See Figures 22 and 25) 
Wait (See Figures 22 and 25) 
Stop (See Figure 25) 
25°C 

0° to 70°C 


Idd 








750 
400 

2.0 
5.0 


M-A 
|xA 

(xA 
M-A 


I/O Ports Hi-Z Leakage Current 
PA0-PA7, PB0-PB7, PC0-PC7, PD1-PD4 


IlL 






±1.0 


M-A 


Input Current 
RESET, IRQ, TCAP, OSC1, PD0, PD5, PD7 


■in 






±1 


tiA 


Capacitance 
Ports (as Input or Output) 
RESET, IRQ, TCAP, PD0-PD5, PD7 


Cout 
Cm 






12 
8 


pF 



NOTES: 

1. All values shown reflect average measurements. 

2. Typical values at midpoint of voltage range, 25°C only. 

3. Wait Iqd: Only timer system active (SPE = TE = RE = 0). If SPI, SCI active (SPE = TE = RE= 1) add 10% current draw. 

4. Run (Operating) Idd< Wait Idd : Measured using external square wave clock source all inputs 0.2 V from rail; no dc loads, less 
than 50 pF on all outputs, C|_ = 20 pF on OSC2 

5. Wait, Stop Idd : All ports configured as inputs, V||_ = 0.2 V, V|(-| = Vdd -0 - 2 v - 
6 Stop Idd measured with OSC1 = Vss- 

7. Wait Idd is affected linearly by the OSC2 capacitance. 
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MOTOROLA MICROPROCESSOR DATA 
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V DD =5V 


± 10%' 




<7 0mAI / 
























14 0 mA) ' 




V 


















IV 


0^A,0°-70°CI 






I 



0 5 10 15 

Internal Frequency (MHzl 



Figure 23. Maximum Iqd v s Frequency for Vdd = 5 0 Va "c 



V DD =33 


V± 10% 


























11 4 mAl 














s 


op IDD 


(80 nA. 0 


°-70°C> 












750 jiA 



500 u.A 



250 (iA 




0 4 0 6 0 8 10 

Internal Frequency (MHz) 



100 200 300 400 



500 



Figure 24. Maximum Iqd vs Frequency for Vdd = 3 - 3 vdc Figure 25. Maximum Iqd vs Frequency for Vdd = 2.4 Vdc 
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CONTROL TIMING 

(V DD = 5.0 Vdc± 10%, Vss = 0 Vdc, T A = T L to T H ) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Frequency of Operation 
Crystal Option 
External Clock Option 


f osc 


dc 


4.2 
4.2 


MHz 


Internal Operating Frequency 
Crystal (f 0 sc -2 ) 
External Clock (f 0 sc~ 2 ) 


f op 


dc 


2.1 
2.1 


MHz 


Cycle Time (see Figure 28) 


'eye 


480 





ns 


Crystal Oscillator Startup Time (see Figure 28) 


l OXOV 





100 


ms 


Stop Recovery Startup Time (Crystal Oscillator) (see Figure 26) 


tlLCH 




100 


■ ms 


RESET Pulse Width (see Figure 28) 


tRL 


1.5 




tcyc 


Timer 
Resolution** 

Input Capture Pulse Width (see Figure 27) 
Input Capture Pulse Period (see Figure 27) 


tRESL 
tTH. tTL 
tTLTL 


40 
125 




tcyc 
ns 

tcyc 


Interrupt Pulse Width Low (Edge-Triggered) (see Figure 8) 


tlLIH 


125 




ns 


Interrupt Pulse Period (see Figure 8) 


tlLIL 






tcyc 


OSC1 Pulse Width 


tOH. tQL 


90 




ns 



*The minimum period t||_||_ should not be less than the number of cycle times it takes to execute the interrupt service routine plus 
21 t cyc . 

**Since a 2-bit prescaler in the timer must count four internal cycles (t C y C ), this is the limiting minimum factor in determining the 
timer resolution 

***The minimum period tj|_TL should not be less than the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 t C y C . 



OSC1 1 



IRQ? 



IRQ3 



Internal 
Address 
Bus 
















— 'ILCH *■ 


« 4064l cyc 





n_rvT-n-J~L_rLJ 

EX 




XEE)C 



NOTES 

1 Represents the internal gating of the OSC1 pin 

2 IRQ pin edge-sensitive mask option 

3 IRQ pin level and edge-sensitive mask option 

4 RESET vector address shown for timing example 



RESET or Interrupt 
Vector Fetch 



Figure 26. Stop Recovery Timing Diagram 
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CONTROL TIMING 

(Vdd = 3.3 Vdc ±0.3 Vdc, Vss = 0 Vdc, Ta = Tl to T H ) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Frequency of Operation 


fosc 






MHz 


Crystal Option 










External Clock Option 




dc 


2.0 




Internal Operating Frequency 


f 

op 






MHz 


Crystal (f osc -2) 


— 


1.0 




External Clock (f osc -2) 




dc 


1.0 




Cycle Time (see Figure 29) 


'eye 


1 000 




ns 


Crystal Oscillator Startup Time (see Figure 29) 


'OXOV 




1 00 


ms 


Stop Recovery Startup Time (Crystal Oscillator) (see Figure 26) 


tlLCH 




1 00 


ms 


RCCpT Pulco WiHth FvrluHinn Pnwor.l In /coo Firtnro 9Q1 


tni 

T RL 


1 .5 




t 

'eye 


Timer 










Resolution** 


tRESL 


4.0 




tcyc 


Input Capture Pulse Width (see Figure 27) 


l TH' l TL 


250 




ns 


Input Capture Pulse Period (see Figure 27) 


tTLTL 






l cyc 


Interrupt Pulse Width Low (Edge-Triggered) (see Figure 8) 


tlLIH 


250 




ns 


Interrupt Pulse Period (see Figure 8) 


tlLIL 






tcyc 


0SC1 Pulse Width 


tQH. tQL 


200 




ns 



*The minimum period t||_||_ should not be less than the number of cycle times it takes to execute the interrupt service routine plus 
21 t C y C . 

**Since a 2-bit prescaler in the timer must count four internal cycles (t cyc ), this is the limiting minimum factor in determining the 
timer resolution. 

***The minimum period should not be less than the number of cycle times it takes to execute the capture interrupt service 

routine plus 24 t cyc . 
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Figure 27. Timer Relationships 
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SERIAL PERIPHERAL INTERFACE (SPI) TIMING 

(V DD = 5.0 Vdc±10%, Vss = 0 Vdc, T A = T L to T H ) (see Figure 28) 



Num. 


Characteristic 


Symbol 


Min 


Max 


Unit 




Operating Frequency 
Msstsr 
Slave 


fop(m) 
f op(s) 


dc 
dc 


0.5 
2.1 


f„„ 
'op 

MHz 


1 


Cycle Time 

iviaoiei 

Slave 


t cyc(m) 
! cyc(s) 


2.0 
480 


— 


tcyc 
ns 


2 


Enable Lead Time 
Mdstsr 
Slave 


tlead(m) 
t|ead(s) 


240 


— 


ns 


3 


Enable Lag Time 
Msstsr 
Slave 


t|ag(m) 
l laq(s) 


240 


— 


ns 


4 


Clock (SCK) High Time 
Msstsr 
Slave 


l w(SCKH)m 
tw(SCKH)s 


340 
190 


- 


ns 


5 


Plnrk (9PKI I nw Time 

Master 
Slave 


twfSCKDm 
tw(SCKL)s 


340 
190 


- 


ns 
ns 


6 


Data Setup Time (Inputs) 
Master 
Slave 


l su(m) 
l su(s) 


100 
100 


- 


ns 
ns 


7 


Data Hold Time (Inputs) 
Master 
Slave 


th(m) 
th(s) 


100 
100 


- 


ns 
ns 


8 


Access Time (Time to Data Active from High-Impedance State) 
Slave 


ta 


0 


120 


ns 


g 


OisbdIg Time (Hold Tims to HiQh-lmpGdsncG Ststo) 
Slave 


l dis 




240 


ns 


10 


Data Valid 
Master (Before Capture Edge) 
Slave (After Enable Edge)** 


tv(m) 
l v(s) 


0.25 


240 


tcyc(m) 
ns 


11 


Data Hold Time (Outputs) 
Master (After Capture Edge) 
Slave (After Enable Edge) 


tho(m) 
*ho(s) 


0.25 
0 




tcyc(m) 
ns 


12 


Rise Time (20% Vqd to 70% Vdq, C|_ = 200 pF) 
SPI Outputs (SCK, MOSI, and MISOJ_ 
SPI Inputs (SCK, MOSI, MISO, and SS) 


*rm 
trs 




100 
2.0 


ns 

(J.S 


13 


Fall Time (70% Vqd to 20% VqD- C|_ = 200 pF) 
SPI Outputs (SCK, MOSI, and MISO]_ 
SPI Inputs (SCK, MOSI, MISO, and SS) 


»fm 
tfs 




100 
2.0 


ns 

fiS 



*Signal production depends on software. 
**Assumes 200 pF load on all SPI pins. 
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SERIAL PERIPHERAL INTERFACE (SPI) TIMING 

(V DD = 3.3 Vdc±0.3 Vdc, Vss = 0 Vdc, T A = T L to T H ) (see Figure 28) 



Num. 


Characteristic 


Symbol 


Min 


Max 


Unit 




Operating Frequency 
Master 
Slave 


fop(m) 
f op(s) 


dc 
dc 


0.5 
1.0 


fop 
MHz 




Cycle Time 
Master 
Slave 


tcyc(m) 
tcyc(s) 


2.0 
1.0 


- 


tcyc 

(IS 




Enable Lead Time 
Master 
Slave 


t|ead(m) 
tlead(s) 


500 


- 


ns 
ns 




Enable Lag Time 
Master 
Slave 


t|ag(m) 
tlaq(s) 


500 


- 


ns 
ns 


A 
H 


l-iock ioL-r\; nign lime 
Master 
Slave 


l w(SCKH)m 
tw(SCKH)s 


720 
400 


- 


M-s 
ns 


C 
0 


drink /CPtfl 1 n\Ai Tifyio 

l-iock (ol-im low lime 
Master 
Slave 


tw(SCKL)m 
tw(SCKL)s 


720 
400 


- 


M-S 

ns 


6 


Data Setup Time (Inputs) 
Master 
Slave 


tsu(m) 
tsu(s) 


200 
200 




ns 
ns 


7 


Data Hold Time (Inputs) 
Master 
Slave 


th(m) 
l h(s) 


200 
200 




ns 
ns 


8 


Access Time (Time to Data Active from High-Impedance State) 
Slave 


«a 


0 


250 


ns 


9 


Disable Time (Hold Time to High-Impedance State) 
Slave 


tdis 


- 


500 


ns 


1 n 


Data Valid 
Master (Before Capture Edge) 
Slave (After Enable Edge)** 


Mm) 

Ms) 


0 25 


500 


tcyc(m) 
ns 


1 1 


Data Mnlrt Ti m a /Oiitnutcl 

uaia nuiu iinm iwuipuibj 

Master (After Capture Edge) 
Slave (After Enable Edge) 


tho(m) 
tho(s) 


0.25 
0 




tcyc(m) 
ns 


12 


Rise Time (20% Vqd to 70% Vqd- Cl = 200 pF) 
SPI Outputs (SCK, MOSI, and MISOJ_ 
SPI Inputs (SCK, MOSI, MISO, and SS) 


trm 
trs 




200 
2.0 


ns 

(IS 


13 


Fall Time (70% V D D to 20% Vqd. Cl = 200 pF) 
SPI Outputs (SCK, MOSI, and MISOJ_ 
SPI Inputs (SCK, MOSI, MISO, and SS) 


tfm 
tfs 




200 
2.0 


ns 

(IS 



•Signal production depends on software. 
•Assumes 200 pF load on all SPI pins. 
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55 

(INPUT) 



55 is Held High on Master 



(OUTPUT) 



NOTE 



SCK (CPOL-0) SEE 

- — ■■Jp|- 

SCK (CPOL.1) SEE 

(OUTPUT) NOTE, 



MISO 
(INPUT) 



C 10 (">')> « 



k® -Ik® 



MOSI 
(OUTPUT) 



X 



\ l MSB IN ^ 



MASTER MSB OUT 



*<3D -IMS) 

^ LSB IN y 



B1T6 1 

N — 



MASTER LSB OUT 



NOTE: This first dock edge is generated internally but is not seen at the SCK pin. 

a) SPI MASTER TIMING (CPHA=0) 



7 



55 

(INPUT) 



SCK (CPOL.O) 
(OUTPUT) 



SCK (CPOL.1) 
(OUTPUT) 



MISO 
(INPUT) 



MOSI 
(OUTPUT) 



55 is Held High on Master 
-0" 



Q0(reT)> 



MSB IN y 



X 



^ BIT 6 - - -^1 ^ — — \' LSB IN ^ 



K0> 



MASTER MSB OUT 



X 



BIT6----1 

— s— 



K® 



/ SEE 
NOTE 



SEE 
i NOTE 



MASTER LSB OUT 



7 



NOTE: This last dock edge is generated internally but is not seen at the SCK pin. 

b) SPI MASTER TIMING (CPHA=1) 



Figure 28. SPI Timing Diagrams (Sheet 1 of 2) 
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55 

(INPUT) 



SCK (CPOL-0) 
(INPUT) 



SCK (CPOL-1) 
(INPUT) 



MISO 
(OUTPUT) 



MOSI 
(INPUT) 



k® -jk© 



MSB IN 



KDH A r® 
V 



k®) -ir® 



BIT 6 1 

-v 



-©- 



SLAVE LSB OUT 



*<3> 



(EH h 

X NOTE | h- 



(^TT) ( tsB, y 



NOTE' Nol delined bul normally MSB of character just received 

c) SPI SLAVE TIMING (CPHA = 0) 



ss 

(INPUT) 



SCK (CPOL.O) 
(INPUT) 



SCK (CPOL-1) 
(INPUT) 



-CD- 



MISO 
(OUTPUT) 



r 



h® 



MOSI 
(INPUT) 



x 



BIT 6 1 



^ ! MSB IN BIT6 T "^ ^ LSB IN ^ 



h® H 



NOTE Not delined but normally LSB of character previously transmitted 

d) SPI SLAVE TIMING (CPHA = 1) 



h® 



*®) av® 



SLAVE LSB OUT 



Figure 28. SPI Timing Diagrams (Sheet 2 of 2) 
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Internal 
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'VDDR 



Vqd ~)f V DD Threshold 11-2 V Typical) 
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* 0SC1 line is not meant to represent frequency It is only used to represent time 

* The next rising edge of the internal processor clock following the rising edge of RESET initiates the reset sequence 



Figure 29. Power-On Reset and RESET 
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ORDERING INFORMATION 

The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo- 
torola in the following media: 

MDOS®, disk file 

MS®-DOS/PC-DOS disk file (360K) 

EPROM(s) 2764, MCM68764, MCM68766, or EEPROM 

MC68HC805C4 
To initiate a ROM pattern for the MCU, it is necessary 
to first contact the local field service office, a sales person, 
or a Motorola representative. 

FLEXIBLE DISKS 

A flexible disk (MS-DOS/PC-DOS disk file), pro- 
grammed with the customer's program (positive logic 
sense for address and data), may be submitted for pattern 
generation. The diskette should be clearly labeled with 
the customer's name, data, project or product name, and 
the name of the file containing the pattern. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 

MS-DOS/PC-DOS Disk File 

MS-DOS is Microsoft's Disk Operating System. PC-DOS 
is the IBM® Personal Computer (PC) Disk Operating Sys- 
tem. Disk media submitted must be a standard density 
(360K) double-sided 5 1/4 inch compatiblefloppy diskette. 
The diskette must contain object file code in Motorola's 
S-record format. The S-record format is a character-based 
object file format generated by M6805 cross assemblers 
and linkers on IBM PC style machines. 

EPROMs 

A 2764, 68764, or 68766 type EPROM, programmed 
with the customer's program (positive logic sense for 
address and data), may be submitted for pattern gener- 
ation. Since all program and data space information will 
fit on one 68766 EPROM device, the EPROM must be 
programmed as described in the following paragraph. 

Start the page zero, user ROM at EEPROM address 
$0020 through $004F. Start the user ROM at EEPROM 
address $0100 through $1 EFF with vectors from $1 FF4 to 
$1FFF. All unused bytes, including the user's space, must 
be set to zero. 

To use a 2764 or 6874 EPROM or the EEPROM in an 
MC68HC805C4, two are required. Start the page zero user 
ROM data at EPROM or EEPROM address $0020 through 
$004F in the first device. Start the user ROM data at ad- 
dress $0100 through$10FF in the first device. The re- 
mainder of the user ROM data should go from $0100 



through $1 OFF in the second device, with vectors from 
$0004 through $000F. For shipmentto Motorola, EPROMs 
should be placed in a conductive IC carrier and packed 
securely. Styrofoam is not acceptable for shipment. 




xxx = Customer ID 



Verification Media 

All original pattern media (EPROMs or floppy disks) are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked, and the verification form 
should be completed, signed, and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for the creation of the customer mask. To aid 
in the verification process, Motorola will program cus- 
tomer supplied blank EPROM(s) or DOS disks from the 
data file used to create the custom mask. 

ROM VERIFICATION UNITS (RVUs) 

Ten MCUs containing the customer's ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask, but are for the pur- 
pose of ROM verification only. For expediency, the MCUs 
are unmarked, packaged in ceramic, and tested with five 
volts at room temperature. These RVUs are free with the 
minimum order quantity, but are not production parts. 
RVUs are not backed or guaranteed by Motorola Quality 
Assurance. 

ORDERING INFORMATION 

The following table provides ordering information per- 
taining to the package type, temperature, and MC order 
numbers for the MC68HCL05C8 device. 



Package Type 


Temperature 


MC Order Number 


Plastic 
(P Suffix) 


0°C to +70*0 


MC68HCL05C8P 


PLCC 
(FN Suffix) 


0°C to + 70°C 


MC68HCL05C8FN 



MDOS is a trademark of Motorola Inc. 
MS is a trademark of Microsoft, Inc. 

IBM is a registered trademark of International Business Machines Corporation. 
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PIN ASSIGNMENTS 



40-PIN DUAL-IN-LINE PACKAGE 



RESET C 


1 ^» 


J 40 


3v DD 


mi 


2 


39 


] OSC1 


NCC 


3 


38 


] OSC2 


PA7£ 


4 


37 


I TCAP 


PA6[ 


5 


36 


] PD7 


PA5[ 


6 


35 


] TCMP 


PA4[ 


7 


34 


] PD5/SS 


PA3 [ 


Q 

° 




] PD4/SCK 


PA2I 


9 


32 


] PD3/MOSI 


PA1 [ 


10 


31 


] PD2/MISO 


PAO[ 


11 


30 


JPD1/TDO 


PBO[ 


12 


29 


]PD0/RDI 


PB1 [ 


13 


28 


] PCO 


PB2[ 


14 


27 


]PC1 


PB3[ 


15 


26 


]PC2 


PB4 [ 


16 


25 


]PC3 


PB5 [ 


17 


24 


]PC4 


PB6 I 


18 


23 


]PC5 


PB7 [ 


19 


22 


]PC6 


v s sl 


20 


21 


]PC7 



44- LEAD PLCC PACKAGE 



< < cj u iy Ilu qm io u u 

Q.£LZ2lill>OOl-Z 
nnnnnnnnnnn 



PA5C 7 
PA4C 
PA3C 
PA2C 
PA1 C 
PA0[ 
PBOC 
PB1 C 
PB2C 
PB3C 
PB4[ 



12 



17 



UUUUUUUUUUU 

u ir> to r*» «n n a in ^ n 

- - -'•^O-Q.Q.Q.Q- 



39 3 PD7 
3 TCMP_ 
] PD5/SS 
3 PD4/SCK 
D PD3/M0SI 

34 D PD2/MIS0 
D PD1/TD0 
DPHO/RDl 
DPCO 

D pci 

29 D PC2 



NOTE Bulk substrate tied to Vss- 
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Technical Summary 

8-Bit Microcontroller Unit 

The MC68HSC05C4 (HCMOS) microcontroller unit (MCU) is a member of the M68HC05 Family of 
microcontrollers. This high-performance, low-power MCU has parallel I/O capability with pins pro- 
grammable as input or output. This publication contains condensed information on the MCU; for 
more detailed information, contact your local Motorola sales office. 

The following block diagram depicts the hardware features; additional features available on the 
MCU are as follows: 

• On-Chip Oscillator with RC or Crystal/Ceramic Resonator Mask Options 

• Memory-Mapped I/O 

• 176 Bytes of On-Chip RAM 

• 4156 Bytes of User ROM 

• 24 Bidirectional I/O Lines and 7 Input-Only Lines 

• Serial Communications Interface (SCI) System 

• Serial Peripheral Interface (SPI) System 

• Self-Check Mode 

• Power-Saving STOP, WAIT, and Data Retention Modes 

• Single 3.0- to 5.5-Volt Supply (2-Volt Data Retention Mode) 

• Fully Static Operation 

• 8x8 Unsigned Multiply Instruction 



BLOCK DIAGRAM 
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CPU 


Stack 
Pointer 
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This document contains information on a new product Specifications and information herein are subject to change without notice 
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SIGNAL DESCRIPTION 

The signal descriptions of the MCU are discussed in 
the following paragraphs. 

Vdd and Vss 

Power is supplied to the microcontroller using these 
two pins. Vqd is the positive supply, and Vss is ground. 

IRQ 

This pin is a programmable option that provides two 
different choices of interrupt triggering sensitivity. Refer 
to INTERRUPTS for more detail. 

OSC1, OSC2 

These pins provide control input for an on-chip clock 
oscillator circuit. A crystal, a ceramic resonator, a resistor/ 
capacitor combination, or an external signal connects to 



Crystal 





2 MHz 


4 MHz 


Units 


RSMAX 


400 


75 


O 


CO 


5 


7 


pF 


C1 


0 008 


0 012 


*F 


COSC1 


15-40 


15-30 


PF 


COSC2 


15-30 


15-25 


PF 


R P 


10 


10 


MQ 


0. 


30 


40 


K 



these pins providing a system clock. A mask option se- 
lects either a crystal/ceramic resonator or a resistor/ca- 
pacitor as the frequency determining element. The 
oscillator frequency is two times the internal bus rate. 

RC Oscillator 

With this option, a resistor is connected to the oscillator 
pins as shown in Figure 1(d). The relationship between 
R and f osc is shown in Figure 2. 

Crystal 

The circuit shown in Figure 1(b) is recommended when 
using a crystal. Using an external CMOS oscillator is rec- 
ommended when crystals outside the specified ranges 
are to be used. The crystal and components should be 
mounted as close as possible to the input pins to mini- 
mize output distortion and start-up stabilization time. Re- 
fer to ELECTRICAL SPECIFICATIONS for V D D 
specifications. 



Ceramic Resonator 





2-4 MHz 


Units 


RS (tYPical) 


10 


0 


CO 


40 


PF 


Q 


4 3 


PF 


COSC1 


30 


PF 


COSC2 


30 


PF 


R P 


1-10 


Mil 


Q 


1250 






(a) Crystal/Ceramic Resonator Parameters 



c OSC1 




COSC2 



OSC2 
38 




OSC1 
39 




• c 0 ' 

II 





(b) Crystal/Ceramic Resonator 
Oscillator Connections 



(c) Equivalent Crystal Circuit 







MCU 






OSC1 




OSC2 




39 


-Wv 




38 




Unconnected 

< External Clock 



(d) RC Oscillator Connections 



(e) External Clock Source Connections 
(For Crystal Mask Option Only) 



Figure 1. Oscillator Connections 
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10 20 50 100 
Resistance (km 



500 1000 



Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option Only 




Ceramic Resonator 

A ceramic resonator may be used in place of the crystal 
in cost-sensitive applications. The circuit in Figure Kb) is 
recommended when using a ceramic resonator. Figure 
1(a) lists the recommended capacitance and resistance 
values. The manufacturer of the resonator considered 
should be consulted for specific information on resonator 
operation. 

External Clock 

An external clock should be applied to the OSC1 input 
with the OSC2 input not connected, as shown in Figure 
1(e). This option may only be used with the crystal os- 
cillator mask option. 

INPUT CAPTURE (TCAP) 

This pin controls the input capture feature for the on- 
chip programmable timer. 

OUTPUT COMPARE (TCMP) 

This pin provides an output for the output compare 
feature of the on-chip timer. 



RESET 

This pin is used to reset the MC U and p rovide an or- 
derly start-up procedure by pulling RESET low. 

INPUT/OUTPUT PORTS (PA0-PA7, PB0-PB7, PC0-PC7) 

These 24 lines are arranged into three 8-bit ports (A, 
B, and C). These ports are programmable as either inputs 
or outputs under software control of the data direction 
registers. Refer to PROGRAMMING for additional infor- 
mation. 

FIXED INPUT PORT (PD0-PD5, PD7) 

These seven lines comprise port D, a fixed input port. 
All special functions that are enabled (SPI, SCI) affect this 
port. Refer to PROGRAMMING for additional information. 



PROGRAMMING 

Input/output port programming, fixed input port pro- 
gramming, and serial port programming are discussed 
in the following paragraphs. 

INPUT/OUTPUT PORT PROGRAMMING 

Any port pin is programmable as either an input or an 
output under software control of the corresponding data 
direction register (DDR). Each port bit can be selected as 
output or input by writing the corresponding bit in the 
port DDR to a logic one for output and logic zero for input. 
On reset, all DDRs are initialized to logic zero to put the 
ports in the input mode. The port output registers are not 
initialized on reset but may be written to before setting 
the DDR bits to avoid undefined levels. 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Refer to 
Figure 3 for typical port circuitry and to Table 1 for a list 
of the I/O pin functions. 



Table 1. I/O Pin Functions 



R/W» 


DDR 


I/O Pin Functions 


0 


0 


The I/O pin is in input mode. Data is 
written into the output data latch. 


0 


1 


Data is written into the output data latch 
and output to the I/O pin. 


1 


0 


The state of the I/O pin is read. 


1 


1 


The I/O pin is in an output mode. The 
output data latch is read. 



*R/W is an internal signal. 
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Internal 
MCU C 
Connections 



Latched 
Output Data 
Bit 






I/O 
Pin 



Figure 3. Typical Port I/O Circuit 



FIXED INPUT PORT PROGRAMMING 

Port D is a fixed input port (PD0-PD5, PD7) that monitors 
the external pins whenever the SCI or SPI is disabled. 
After reset, all seven bits become valid inputs because 
all special function drivers are disabled. For example, 
with the SCI enabled, PDO and PD1 inputs will read zero. 
With the SPI disabled, PD2 through PD5 will read the state 
of the pin at the time of the read operation. 

NOTE 

Any unused inputs and I/O ports should be tied to 
an appropriate logic level (e.g., either Vdd or VSS)- 

SERIAL PORT (SCI AND SPI) PROGRAMMING 

The SCI and SPI use the port D pins for their functions. 
The SCI requires two pins (PD0-PD1) for its receive data 
input (RDI) and transmit data output (TDO), respectively. 
The SPI function requires four of the pins (PD2-PD5) for 
its serial data input/output (MISO), serial data output/ 
input (MOSI), serial clock (SCK), and slave select (SS), 
respectively. 



REGISTERS 

The MCU contains the registers described in the fol- 
lowing paragraphs. 

ACCUMULATOR (A) 

The accumulator is a general-purpose 8-bit register used 
to hold operands and results of arithmetic calculations 
or data manipulations. 



INDEX REGISTER (X) 

The index register is an 8-bit register used for the in- 
dexed addressing mode. It contains an 8-bit value that 
may be added to an 8- or 16-bit immediate value to create 
an effective address. The index register may also be used 
as a temporary storage area. 




MEMORY 

The MCU is capable of addressing 8192 bytes of mem- 
ory and I/O registers, as shown in Figure 4. The locations 
consist of user ROM, user RAM, self-check ROM, control 
registers, and I/O. The user-defined reset and interrupt 
vectors are located from $1FF4 to $1FFF. 

The shared stack area is used during processing of an 
interrupt or subroutine call to save the CPU state. The 
stack pointer decrements during pushes and increments 
during pulls. Refer to INTERRUPTS for additional infor- 
mation. 

NOTE 

Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. 



PROGRAM COUNTER (PC) 

The program counter is a 13-bit register that contains 
the address of the next byte to be fetched. 

12 0 

PC 



STACK POINTER (SP) 

The stack pointer is a 13-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set to location $00FF. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

When accessing memory, the seven most significant 
bits are permanently set to 0000011. These seven bits are 
appended to the six least significant register bits to pro- 
duce an address within the range of $00FF to $00C0. 
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3 



$001 F 
$0020 



$004F 
$0050 



$00BF 
$O0C0 



$00FF 
$0100 



S10FF 
$1100 



$1 EFF 
$1F00 



$1FDF 
$1FE0 



$1 FEF 
$1FF0 



$1FF3 
S1FF4 



I/O 
32 Bytes 



User 
ROM 
48 Bytes 



RAM 
176 Bytes 



Stack 
64 Bytes 



0031 
^0032 

\ 

\ 

0079 
0080 
X 

\ 



0191 
0192 



User 
ROM 
4096 Bytes 



Unused 
3584 Bytes 



Self Check 



Self-Check 
Vectors 



Unused 
4 Bytes 



User 
Vectors 
12 Bytes 



0255 
0256 



4351 
4352 



7935 
7936 ' 



8175 
8176 

8179 
8180 

8191 , 



256 Bytes 



Ports 
7 Bytes 



Unused 
3 Bytes 



Serial Peripheral 
Interface 
3 Bytes 



Serial 
Communications 
Interface 
5 Bytes 



Timer 
10 Bytes 



Unused 
4 Bytes 



0000 



Port A Data Register 


$00 


Port B Data Register 


$01 


Port C Data Register 


$02 


Port D Fixed Input Register 


$03 


Port A Data Direction Register 


$04 


Port B Data Direction Register 


$05 


Port C Data Direction Register 


$06 


Unused 


$07 


Unused 


$06 


Unused 


$09 


Serial Peripheral Control Register 


$0A 


Serial Peripheral Status Register 


$0B 


Serial Peripheral Data I/O Register 


$0C 


Serial Communications Baud Rate Register 


$0D 


Serial Communications Control Register 1 


$0E 


Serial Communications Control Register 2 


$0F 


Serial Communications Status Register 


$10 


Serial Communications Data Register 


$11 


Timer Control Register 


$12 


Timer Status Register 


$13 


Input Capture High Register 


$14 


Input Capture Low Register 


$15 


Output Compare High Register 


$16 


Output Compare Low Register 


$17 


Counter High Register 


$18 


Counter Low Register 


$19 


Alternate Counter High Register 


$1A 


Alternate Counter Low Register 


$1B 


Unused 


$1C 


Unused 


$1D 


Unused 


$1E 


Unused 


$1F 



Figure 4. Memory Map 



Subroutines and interrupts may use up to 64 (decimal) 
locations. If 64 locations are exceeded, the stack pointer 
wraps around and loses the previously stored informa- 
tion. A subroutine call occupies two locations on the stack; 
an interrupt uses five locations. 



12 










7 


0 


0 


0 


0 


0 


0 


1 


1 


SP 



CONDITION CODE REGISTER (CCR) 

The CCR is a 5-bit register in which four bits are used 
to indicate the results of the instruction just executed. 
These bits can be individually tested by a program, and 
specific actions can be taken as a result of their state. 
Each bit is explained in the following paragraphs. 



CCR 



H 


1 


N 


2 


C 



Half Carry (H) 

This bit is set during ADD and ADC operations to in- 
dicate that a carry occurred between bits 3 and 4. 

Interrupt (I) 

When this bit is set, the timer and external interrupt is 
masked (disabled). If an interrupt occurs while this bit is 
set, the interrupt is latched and processed as soon as the 
interrupt bit is cleared. 

Negative (N) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative 
(bit 7 in the result is a logic one). 

Zero(Z) , 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 
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Carry/Borrow (C) 

When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during 
bit test and branch instructions and during shifts and 
rotates. 

SELF-CHECK 

The self-check capability provides the ability to deter- 
mine if the device is functional. Self-check is performed 
using the circuit shown in Figure 5. Port C pins PC0-PC3 
are monitored for the self-check results. After reset, the 
following seven tests are performed automatically: 
I/O — Exercise of ports A, B, and C 
RAM — Counter test for each RAM byte 
ROM — Exclusive OR with odd ones parity result 
Timer — Tracks counter register and checks OCFflag 
Interrupts — Tests external, timer, SCI and SPI in- 
terrupts 

SCI — Transmission test; checks RDRF, TDRE, TC, 
and FE flags 

SPI —Transmission test; checks SPIF, WCOL, and 
MODF flags 



Self-check results (using the LEDs as monitors) are 
shown in Table 2. The following subroutines are available 
to the user and do not require any external hardware. 



TIMER TEST SUBROUTINE 

This subroutine returns with the Z bit cleared if any 
error is detected; otherwise, the Z bit is set. The timer 
test subroutine is called at location $1FOE. The output 
compare register is first set to the current timer state. 
Because the timer is free running and has only a divide- 
by-four prescaler, each timer count cannot be tested. The 
test reads the timer once every 10 counts (40 cycles) and 
checks for correct counting. The test tracks the counter 
until the timer wraps around, triggering the output com- 
pare flag in the timer status register. RAM locations $0050 
and $0051 are overwritten. Upon return to the user's pro- 
gram, X = 40. If the test passed, A = 0. 

ROM CHECKSUM SUBROUTINE 

This subroutine returns with the Z bit cleared if any 
error is detected; otherwise, the Z bit is set. The ROM 




NOTE The RC Oscillator Option may also be used in this circuit 

Figure 5. Self-Check Circuit Schematic Diagram 
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Table 2. Self-Check Results 



PC3 


PC2 


PC1 


PCO 


Remarks 


1 


0 


0 


1 


Bad I/O 




0 


1 


0 


Bad RAM 




0 


1 


1 


Bad Timer 




1 


0 


0 


Bad SCI 




1 


0 


1 


Bad ROM 




1 


1 


0 


Bad SPI 




1 


1 


1 


Bad Interrupts or IRQ Request 


Flashing 


Good Device 


All Others 


Bad Device, Bad Port C, etc. 



0 indicates LED is on; 1 indicates LED is off. 



checksum subroutine is called at location $1F93 with RAM 
location $0053 equal to $01 and A = 0. A short routine is 
set up and executed in RAM to compute a checksum of 
the entire ROM pattern. RAM locations $0050 through 
$0053 are overwritten. Upon return to the user's program, 
X = 0. If the test passed, A = 0. 



RESETS 

The MCU can be reset two ways: b y init ial pow er-up 
and by the external reset input (RESET). The RESET in put 
cons ists mainly of a Schmitt trigger that senses the RE- 
SET line logic level. 

POWER-ON RESET (POR) 

An internal reset is generated on power-up to allow 
the internal clock generator to stabilize. The power-on 
reset is strictly for power turn-on conditions and should 
not be used to detect a drop in the power supply voltage. 
There is a 4064 internal processor clock cyc le (tcyc ) delay 
after the oscillator becomes active. If the RESET pin is 
low at the end of 40 64 tcyc , the MCU will remain in the 
reset condition until RESET goes high. 

EXTERNAL RESET INPUT 

The MCU is reset when a logic zero is applied to the 
RESET input for a period of one and one-half machine 
cycles (t cyc ). 



INTERRUPTS 

The MCU can be interrupted five different ways: the 
four maskable hardware interrupts (IRQ, SPI, SCI, and 
timer) and the nonmaskable software interrupt instruc- 
tion (SWI). 

Interrupts cause the processor to save register contents 
on the stack and to set the interrupt mask (I bit) to prevent 
additional interrupts. The RTI instruction causes the reg- 
ister contents to be recovered from the stack and normal 
processing to resume. The stacking order is shown in 
Figure 6. 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted but are con- 
sidered pending until the current instruction is complete. 

NOTE 

The current instruction is the one already fetched 
and being operated on. 

When the current instruction is complete, the processor 
checks all pending hardware interrupts. If unmasked (I 
bit clear) and if the corresponding interrupt enable bit is 
set, the processor proceeds with interrupt processing; 
otherwise, the next instruction is fetched and executed. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex- 
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction, regardless of the l-bit state. 
Refer to Figure 7 for the reset and interrupt instruction 
processing sequence. 

TIMER INTERRUPT 

There are three different timer interrupt flags that cause 
a timer interrupt whenever they are set and enabled. The 
interrupt flags are in the timer status register (TSR), and 
the enable bits are in the timer control register (TCR). 
Refer to TIMER for more information. 

EXTERNAL INTERRUPT 

If the interrupt mask bit (I bit) of the CCR is set, all 
interrupts are disabled. Clearing the I bit enables the ex- 
ternal interrupt. The external interrupt is internally syn - 
chronized and then latched on the falling edge of IRQ. 
The action of the external interrupt is identical to the timer 
interrupt with the exception that the interrupt request 



Increasing Memory ' 
Addresses 



1 | 1 | 1 | Condition Code Register 



Accumulator 



Index Register 



PCH 



Unstack 



0 Stack 
I 

N 
T 
E 
R 
R 
U 
P 
T 



Decreasing Memory 
Addresses 



NOTE Since the Stack Pointer decrements during pushes, the PCL is 
stacked first, followed by PCH, etc Pulling from the stack is 
in the reverse order 



Figure 6. Interrupt Stacking Order 
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From 
RESET 





Clear IRQ 
Request 
Latch 




Stack 
PC. X, A, CC 






Set 
1 Bit 







Load PC from 
SW I $1FFC-$1FFD 
IRQ $1FFA-$1FFB 
Timer $1FF8-$1FF9 
SCI $1 FF6-S1 FF7 
SPI $1FF4-$1FF5 



Complete 
Interrupt 
Routine 
and Execute 
RTI 




Figure 7. Reset and Interrupt Processing Flowchart 
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input at IRQ is latched internally and the service routine 
address is specified by the contents of $1 FFA and $1 FFB. 

Either a level-sensitive and edge-sensitive trigger, or 
an edge-sensitive-only trigger are available as a mask 
option. Figure 8 shows both a functional internal diagram 
and a mode timing diagram for the interrupt line. The 
timing diagram shows two treatments of the interrupt 
line to the processor. The first method shows a single 
pulse on the interrupt line spaced far enough apart to be 
serviced. The minimum time between pulses is a function 
of the length of the interrupt service. Once a pulse occurs, 
the next pulse should not occur until an RTI occurs. This 
time (t|[_| |_) is obtained by adding 21 instruction cycles to 
the total number of cycles it takes to complete the service 
routine (not including the RTI instruction). The second 
method shows many interrupt lines "wire-ORed" to form 



the interrupts at the processor. If the interrupt line re- 
mains low after servicing an interrupt, then the next in- 
terrupt is recognized. 

NOTE 

The internal interrupt latch is cleared in the first part 
of the interrupt service routine; therefore, one ex- 
ternal interrupt pulse could be latched and serviced 
as soon as the I bit is cleared. 



SOFTWARE INTERRUPT (SWI) 

The SWI is an executable instruction that is executed 
regardless of the state of the I bit in the CCR. If the I bit 
is zero, SWI executes after the other interrupts. The SWI 




Interrupt Pin . 



Level-Sensitive Trigger 



Mask Option 



VDD 



I Bit (CO 



OS 



External 
Interrupt 
Request 



Power-On Reset 

External Reset 

External Interrupt 

Being Serviced (Vector Fetch) 



(a) Interrupt Internal Function Diagram 



IRQ" 



tlUH 



Li 



■tlLIL- 



fR75i 



■'ILIH- 



r 



IRQ" 

:mcui 



j~ 



Edge-Sen*rtrve Trigger Condition 
The minimum pulse width ttiuHl is either 
125 ns ( V DD = 5 V) or 250 ns ( Vqd = 3 V) . 
The penod t|L||_ should not be less than 
the number of tcyc cycles it takes to ex- 
ecute the interrupt service routine plus 21 
tcyc cycles 

Levet-Sen«itiv« Trigger Condition 

If after servicing an interrupt the IRQ re- 
mains low, then the next interrupt is 
recognized 



Normally 
Used with 
Wire-ORed 
Connection 



(b) Interrupt Mode Diagram 



Figure 8. External Interrupt 
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operation is similar to the hardware interrupts. The in- 
terrupt service routine address is specified by the con- 
tents of memory locations $1FFC and $1FFD. 

SCI INTERRUPTS 

An interrupt in the SCI occurs when one of the interrupt 
flag bits in the serial communications status register is 
set, provided the I bit in the CCR is clear and the enable 
bit in the serial communications control register 2 is set. 
Software in the serial interrupt service routine must de- 
termine the cause and priority of the SCI interrupt by 
examining the interrupt flags and status bits in the SCI 
status register. 

SPI INTERRUPTS 

An interrupt in the SPI occurs when one of the interrupt 
flag bits in the serial peripheral status register is set, 
provided the I bit in the CCR is clear and the enable bit 
in the serial peripheral control register is set. Software 
in the serial peripheral interrupt service routine must de- 
termine the cause and priority of the SPI interrupt by 
examining the interrupt flag bits in the SPI status register. 



LOW-POWER MODES 

STOP 

The STOP instruction places the MCU in its lowest power 
consumption mode. In the STOP mode, the internal os- 
cillator is turned off, halting all internal processing in- 
cluding timer, SCI, and SPI operation (refer to Figure 9). 

During the STOP mode, the TCR bits are altered to 
remove any pending timer interrupt request and to dis- 
able any further timer interrupts. The timer prescaler is 
cleared. The I bit in the CCR is cleared to enable external 
interrupts. All other registers and memory remain unal- 
tered. All input/output lines remain unchanged. The pro- 
cessor can be brought out of the STOP mode only by an 
external interrupt or reset. 

SCI during STOP Mode 

When the MCU enters the STOP mode, the baud rate 
generator stops, halting all SCI activity. If the STOP in- 
struction is executed during a transmitter transfer, that 
transfer is halted. If a low input to the IRQ pin is used to 
exit STOP mode, the transfer resumes. If the SCI receiver 
is receiving data and the STOP mode is entered, received 
data sampling stops because the baud rate generator 
stops, and all subsequent data is lost. For these reasons, 
all SCI transfers should be in the idle state when the STOP 
instruction is executed. 

SPI during Stop Mode 

When the MCU enters the STOP mode, the baud rate 
generator stops, terminating all master mode SPI oper- 
ations. If the STOP instruction is executed during an SPI 
transfer, that transfer halts until the MCU exits the STOP 
mode by a low signal on the IRQ pin. If reset is used to 
exit the STOP mode, then the SPI control and status bits 
are cleared, and the SPI is disabled. If the MCU is in the 



slave mode when the STOP instruction is executed, the 
slave SPI continues to operate and can still accept data 
and clock information in addition to transmitting its own 
data back to a master device. 

At the end of a possible transmission with a slave SPI 
in the STOP mode, no flags are set until a low on the IRQ 
pin wakes up the MCU. Caution should be observed when 
operating the SPI as a slave during the STOP mode be- 
cause the protective circuitry (WCOL, MODF, etc.) is in- 
active. 

WAIT 

The WAIT instruction places the MCU in a low-power 
consumption mode, but the WAIT mode consumes more 
power than the STOP mode. All CPU action is suspended, 
but the timer, SCI, and SPI remain active (refer to Figure 
10). An interrupt from the timer, SCI, or SPI can cause 
the MCU to exit the WAIT mode. 

During the WAIT mode, the I bit in the CCR is cleared 
to enable interrupts. All other registers, memory, and 
input/output lines remain in their previous state. The timer 



c 



Stop 



3 



Stop Oscillator 
And All Clocks 




Turn On Oscillator 

Wait for Time 
Delay to Stabilize 
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(2) Service Interrupt 
a Stack 

b Set I Bit 
c Vector to Interrupt 
Routine 



Figure 9. STOP Function Flowchart 
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may be enabled to allow a periodic exit from the WAIT 
mode. 

DATA RETENTION MODE 

The contents of RAM and CPU registers are retained 
at supply voltages as low as 2.0 Vdc. This is called the 
data retention mode where the data is held, but the device 
is not guaranteed to operate. The MCU should be in RESET 
during data retention mode. 



TIMER 

The timer consists of a 16-bit, software-programmable 
counter driven by a fixed divide-by-four prescaler. This 
timer can be used for many purposes, including input 



waveform measurements while simultaneously gener- 
ating an output waveform. Pulse widths can vary from 
several microseconds to many seconds. Refer to Figure 
11 for a timer block diagram. 

Because the timer has a 16-bit architecture, each spe- 
cific functional segment (capability) is represented by two 
registers. These registers contain the high and low byte 
of that functional segment. Generally, accessing the low 
byte of a specific timer function allows full control of that 
function; however, an access of the high byte inhibits 
that specific timer function until the low byte is also ac- 
cessed. 

NOTE 

The I bit in the CCR should be set while manipu- 
lating both the high and low byte register of a spe- 
cific timer function to ensure that an interrupt does 
not occur. 




Figure 10. WAIT Function Flowchart 
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Output 
Compare 
Circuit 
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Overflow 
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Interrupt 
Circuit 



Output Edge 
Level Input 
(TCMP) (TCAP) 



Figure 11. Timer Block Diagram 



COUNTER 

The key element in the programmable timer is a 16- 
bit, free-running counter or counter register, preceded by 
a prescaler that divides the internal processor clock by 
four. The prescaler gives the timer a resolution of 2.0 
microseconds if the internal bus clock is 2.0 MHz. The 
counter is incremented during the low portion of the in- 
ternal bus clock. Software can read the counter at any 
time without affecting its value. 

The double-byte, free-running counter can be read from 
either of two locations, $18-$19 (counter register) or 
$1A-$1B (counter alternate register). A read from only 
the least significant byte (LSB) of the free-running counter 
($19, $1 B) receives the count value at the time of the read. 
If a read of the free-running counter or counter alternate 
register first addresses the most significant byte (MSB) 
($18, $1A), the LSB ($19, $1B) is transferred to a buffer. 
This buffer value remains fixed after the first MSB read, 
Rvfin if tha user reads the MSB several times. This buffer 



is accessed when reading the free-running counter or 
counter alternate register LSB ($19 or $1B) and, thus, 
completes a read sequence of the total counter value. In 
reading either the free-running counter or counter alter- 
nate register, if the MSB is read, the LSB must also be 
read to complete the sequence. 

The counter alternate register differs from the counter 
register in one respect: a read of the counter register MSB 
can clear the timer overflow flag (TOF). Therefore, the 
counter alternate register can be read at any time without 
the possibility of missing timer overflow interrupts due 
to clearing of the TOF. 

The free-running counter is configured to $FFFC during 
reset and is always a read-only register. During a power- 
on reset, the counter is also preset to $FFFC and begins 
running after the oscillator start-up delay. Because the 
free-running counter is 16 bits preceded by a fixed divide- 
by-four prescaler, the value in the free-running counter 
repeats every 262,144 internal bus clock cycles. When the 
counter rolls over from $FFFF to $0000, the TOF bit is set. 
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An interrupt can also be enabled when counter rollover 
occurs by setting its interrupt enable bit (TOIE). 

OUTPUT COMPARE REGISTER 

The 16-bit output compare register is made up of two 
8-bit registers at locations $16 (MSB) and $17 (LSB). The 
output compare register is used for several purposes, 
such as indicating when a period of time has elapsed. All 
bits are readable and writable and are not altered by the 
timer hardware or reset. If the compare function is not 
needed, the two bytes of the output compare register can 
be used as storage locations. 

The output compare register contents are compared 
with the contents of the free-running counter continually, 
and if a match is found, the corresponding output com- 
pare flag (OCF) bit is set and the corresponding output 
level (OLCL) bit is clocked to an output level register. The 
output compare register values and the output level bit 
should be changed after each successful comparison to 
establish a new elapsed timeout. An interrupt can also 
accompany a successful output compare provided the 
corresponding interrupt enable bit (OCIE) is set. 

After a processor write cycle to the output compare 
register containing the MSB ($16), the output compare 
function is inhibited until the LSB ($17) is also written. 
The user must write both bytes (locations) if the MSB is 
written first. A write made only to the LSB ($17) will not 
inhibit the compare function. The free-running counter is 
updated every four internal bus clock cycles. The mini- 
mum time required to update the output compare reg- 
ister is a function of the program rather than the internal 
hardware. 

The processor can write to either byte of the output 
compare register without affecting the other byte. The 
output level (OLVL) bit is clocked to the output level reg- 
ister regardless of whetherthe output compare flag (OCF) 
is set or clear. 

INPUT CAPTURE REGISTER 

Two 8-bit registers, which make up the 16-bit input 
capture register, are read-only and are used to latch the 
value of the free-running counter after the corresponding 
input capture edge detector senses a defined transition. 
The level transition which triggers the counter transfer is 
defined by the corresponding input edge bit (IEDG). Reset 
does not affect the contents of the input capture register. 

The result obtained by an input capture will be one 
more than the value of the free-running counter on the 
rising edge of the internal bus clock preceding the ex- 
ternal transition. This delay is required for internal syn- 
chronization. Resolution is one count of the free-running 
counter, which is four internal bus clock cycles. 

The free-running counter contents are transferred to 
the input capture register on each proper signal transition 
regardless of whether the input capture flag (ICF) is set 
or clear. The input capture register always contains the 
free-running counter value that corresponds to the most 
recent input capture. 

After a read of the input capture register ($14) MSB, 
the counter transfer is inhibited until the LSB ($1 5) is also 
read. This characteristic causes the time used in the input 



capture software routine and its interaction with the main 
program to determine the minimum pulse period. 

A read of the input capture register LSB ($15) does not 
inhibit the free-running counter transfer since they occur 
on opposite edges of the internal bus clock. 

TIMER CONTROL REGISTER (TCR) $12 

The TCR is a read/write register containing five control 
bits. Three bits control interrupts associated with the timer 
status register flags ICF, OCF, and TOF. 
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ICIE — Input Capture Interrupt Enable 
1 = Interrupt enabled 

0 = Interrupt disabled 

OCIE — Output Compare Interrupt Enable 

1 = Interrupt enabled 
0= Interrupt disabled 

TOIE — Timer Overflow Interrupt Enable 
1 = Interrupt enabled 

0 = Interrupt disabled 
IEDG — Input Edge 

Value of input edge determines which level transition 
on TCAP pin will trigger free-running counter transfer 
to the input capture register 

1 = Positive edge 

0 = Negative edge 

Reset does not affect the IEDG bit (U = unaffected). 
OLVL — Output Level 
Value of output level is clocked into output level reg- 
ister by the next successful output compare and will 
appear on the TCMP pin 

1 = High output 
0 = Low output 

Bits 2, 3, and 4 — Not used 
Always read zero 



TIMER STATUS REGISTER (TSR) $13 

The TSR is a read-only register containing three status 
flag bits. 
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ICF — Input Capture Flag 

1 = Flag set when selected polarity edge is sensed by 
input capture edge detector 

0= Flag cleared when TSR and input capture low reg- 
ister ($15) are accessed 
OCF — Output Compare Flag 

1 = Flag set when output compare register contents 
match the free-running counter contents 

0 = Flag cleared when TSR and output compare low 
register ($17) are accessed 
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TOF — Timer Overflow Flag 

1 = Flag set when free-running counter transition from 

$FFFF to $0000 occurs 
0 = Flag cleared when TSR and counter low register 
($19) are accessed 
Bits 0-4 — Not used 
Always read zero 

Accessing the timer status register satisfies the first 
condition required to clear status bits. The remaining step 
is to access the register corresponding to the status bit. 

A problem can occur when using the timer overflow 
function and reading the free-running counter at random 
times to measure an elapsed time. Without incorporating 
the proper precautions into software, the timer overflow 
flag could unintentionally be cleared if: 

1) The timer status register is read or written when 
TOF is set, and 

2) The LSB of the free-running counter is read but not 
for the purpose of servicing the flag. 

The counter alternate register at address $1A and $1B 
contains the same value as the free-running counter (at 
address $18 and $19); therefore, this alternate register 
can be read at any time without affecting the timer ov- 
erflow flag in the timer status register. 

TIMER DURING WAIT MODE 

The CPU clock halts during the WAIT mode, but the 
timer remains active. An interrupt from the timer causes 
the processor to exit the WAIT mode. 

TIMER DURING STOP MODE 

In the STOP mode, the timer stops counting and holds 
the last count value if STOP is exited by an interrupt. If 
RESET is used, the counter is forced to $FFFC. During 
STOP, if at least one valid input capture edge occurs at 
the TCAP pin, the input capture detect circuit is armed. 
This does not set any timer flags nor wake up the MCU, 
but when the MCU does wake up, there is an active input 
capture flag and data from the first valid edge that oc- 
curred during the STOP mode. If RESET is used to exit 
STOP mode, then no input capture flag or data remains, 
even if a valid input capture edge occurred. 



transmitter and receiver are functionally independent but 
use the same data format and baud rate. The terms baud 
and bit rate are used synonymously in the following de- 
scription. 

SCI TWO-WIRE SYSTEM FEATURES 

• Standard NRZ (mark/space) format 

• Advanced error detection method includes noise de- 
tection for noise duration of up to one-sixteenth bit 
time 

• Full-duplex operation (simultaneous transmit and re- 
ceive) 

• Software programmable for one of 32 different baud 
rates 

• Software-selectable word length (eight- or nine-bit 
words) 

• Separate transmitter and receiver enable bits 

• SCI may be interrupt driven 

• Four separate interrupt conditions 

SCI RECEIVER FEATURES 

• Receiver wake-up function (idle or address bit) 

• Idle line detect 

• Framing error detect 

• Noise detect 

• Overrun detect 

• Receiver data register full flag 

SCI TRANSMITTER FEATURES 

• Transmit data register empty flag 

• Transmit complete flag 

• Break send 

Any SCI two-wire system requires receive data in (RDI) 
and transmit data out (TDO). 

DATA FORMAT 

Receive data in (RDI) or transmit data out (TDO) is the 
serial data presented between the internal data bus and 
the output pin (TDO) and between the input pin (RDI) and 
the internal data bus. Data format is as shown for the 
NRZ in Figure 12. 



SERIAL COMMUNICATIONS INTERFACE 

A full-duplex asynchronous SCI is provided with a 
standard NRZ format and a variety of baud rates. The SCI 



WAKE-UP FEATURE 

In a typical multiprocessor configuration, the software 
protocol will usually identify the addressee(s) at the be- 
ginning of the message. To permit uninterested MPUs to 
ignore the remainder of the message, a wake-up feature 



Control bit "M" 
Selects 8 or 9 bit data 
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Figure 12. Data Format 
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is included, whereby all further SCI receiver flag (and 
interrupt) processing can be inhibited until its data line 
returns to the idle state. An SCI receiver is re-enabled by 
an idle string of at least ten (or eleven) consecutive ones. 
Software for the transmitter must provide for the required 
idle string between consecutive messages and prevent 
it from occurring within messages. 

A second wake-up method is available in which sleep- 
ing SCI receivers can be awakened by a logic one in the 
high-order bit of a received character. 

RECEIVE DATA IN 

Receive data in (RDI) is the serial data which is pre- 
sented from the input pin via the SCI to the receive data 
register (RDR). While waiting for a start bit, the receiver 
samples the input at a rate 16 times higher than the set 
baud rate. This increased rate is referred to as the RT 
rate. When the input (idle) line is detected low, it is tested 
for three more sample times. If at least two of these three 
samples detect a logic low, a valid start bit is assumed 
to be detected. If in two or more samples, a logic high is 
detected, the line is assumed to be idle. The receive clock 
generator is controlled by the baud rate register (see Fig- 
ure 13); however, the SCI is synchronized by the start bit 
independent of the transmitter. Once a valid start bit is 
detected, the start bit, each data bit, and the stop bit are 
each sampled three times. The value of the bit is deter- 
mined by voting logic, which takes the value of a majority 
of samples. A noise flag is set when all three samples on 
a valid start bit, data bit, or stop bit do not agree. A noise 
flag is also set when the start verification samples do not 
agree. 

START BIT DETECTION FOLLOWING A FRAMING ERROR 

If there has been a framing error (FE) without detection 
of a break (10 zeros for 8-bit format or 11 zeros for a 9- 
bit format), the circuit continues to operate as if there 
actually were a stop bit, and the start edge will be placed 
artificially. The last bit received in the data shift register 
is inverted to a logic one, and the three logic-one start 
qualifiers are forced into the sample shift register during 
the interval when detection of a start bit is anticipated; 
therefore, the start bit will be accepted no sooner than it 
is anticipated. 

If the receiver detects that a break (RDRF= 1, FE = 1, 
receiver data register = $00) produced the framing error, 
the start bit will not be artificially induced, and the re- 
ceiver must actually receive a logic one before start. 

TRANSMIT DATA OUT 

Transmit data out (TDO) is the serial data presented 
from the transmit data register (TDR) via the SCI to the 
output pin. The transmitter generates a bit time by using 
a derivative of the RT clock, producing a transmission 
rate equal to one-sixteenth that of the receiver sample 
clock. 

FUNCTIONAL DESCRIPTION 

A block diagram of the SCI is shown in Figure 13. The 
user has option bits in the serial communications control 
register 1 (SCCR1 ) to determine the SCI wake-up method 
and data word length. Serial communications contro 



register 2 (SCCR2) provides control bits that individually 
enable/disable the transmitter or receiver, enable system 
interrupts, and provide wake-up enable, and send break 
code bits. The baud rate register bits allow the user to 
select different baud rates, which are used as the rate 
control for the transmitter and receiver. 

Data transmission is initiated by a write to the serial 
communications data register (SCDAT). Provided the 
transmitter is enabled, data stored in the SCDAT is trans- 
ferred to the transmit data shift register. This data transfer 
sets the SCI status register (SCSR) transmit data register 
empty (TDRE) bit and generates an interrupt if the trans- 
mit interrupt is enabled. Data transfer to the transmit data 
shift register is synchronized with the bit rate clock. All 
data is transmitted LSB first. Upon completion of data 
transmission, the transmission complete (TC) bit is set 
(provided no pending data, preamble, or break code is 
sent), and an interrupt is generated if the transmit com- 
plete interrupt is enabled. If the transmitter is disabled, 
and the data, preamble, or break code has been sent, the 
TC bit will also be set, which will also generate an inter- 
rupt if the TCIE bit is set. If the transmitter is disabled in 
the middle of a transmission, that character will be com- 
pleted before the transmitter gives up control of the TDO 
pin. 

When the SCDAT is read, it contains the last data byte 
received, provided that the receiver is enabled. The SCSR 
receive data register full (RDRF) bit is set to indicate that 
a data byte is transferred from the input serial shift reg- 
ister to the SCDAT, which can cause an interrupt if the 
receiver interrupt is enabled. Data transfer from the input 
serial shift register to the SCDAT is synchronized by the 
receiver bit rate clock. The SCSR overrun (OR), noise flag 
(NF), or FE bits are set if data reception errors occur. 

An idle line interrupt is generated if the idle line inter- 
rupt is enabled and the SCSR IDLE bit (which detects idle 
line transmission) is set. This allows a receiver that is not 
in the wake-up mode to detect the end of a message, the 
preamble of a new message, or to resynchronize with 
the transmitter, A valid character must be received before 
the idle line condition for the IDLE bit to be set and for 
an idle line interrupt to be generated. 

REGISTERS 

There are five registers used in the SCI; the internal 
configuration of these registers is discussed in the fol- 
lowing paragraphs. 

Serial Communications Data Register (SCDAT) $11 

The SCDAT is a read/write register used to receive and 
transmit SCI data. 
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As shown in Figure 13, SCDAT functions as two sep- 
arate registers. The transmit data register (TDR) provides 
the parallel interface from the internal data bus to the 
transmit shift register. The receive data register (RDR) 
provides the interface from the receive shift register to 
the internal data bus. 
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Figure 13. SCI Block Diagram 



Serial Communications Control Register 1 (SCCR1) $OE 

The SCCR1 provides control bits that determine word 
length and select the wake-up method. 
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R8 — Receive Data Bit 8 
R8 bit provides storage location for the ninth bit in the 
receive data byte (if M = 1 ). 
T8 — Transmit Data Bit 8 
T8 bit provides storage location for the ninth bit in the 
transmit data byte (if M = 1 ). 
M — SCI Character Word Length 

1 =one start bit, nine data bits, one stop bit 
0 = one start bit, eight data bits, one stop bit 
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WAKE — Wake-Up Select 
Wake bit selects the receiver wake-up method. 
1 = Address bit (most significant bit) 
0 = Idle line condition 
Bits 0-2, and 5 — Not used 
Can read either one or zero 

The address bit is dependent on both the wake-bit and 
the M-bit level. Additionally, the receiver does not use 
the wake-up feature unless the RWU control bit in SCCR2 
is set. 



Wake 


M 


Receiver Wake-Up 


0 


X 


Detection of an idle line allows the next data 
byte received to cause the receive data reg- 
ister to fill and produce an RDRF flag. 


1 


0 


Detection of a received one in the eighth 
data bit allows an RDRF flag and associated 
error flags. 


1 


1 


Detection of a received one in the ninth data 
bit allows an RDRFflag and associated error 
flags. 



Serial Communications Control Register 2 (SCCR2) $OF 

The SCCR2 provides control of individual SCI functions 
such as interrupts, transmit/receive enabling, receiver 
wake-up, and break code. 
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TIE — Transmit Interrupt Enable 
1 = SCI interrupt enabled 

0 = TDRE interrupt disabled 

TCIE — Transmit Complete Interrupt Enable 

1 =SCI interrupt enabled 

0 = TC interrupt disabled 
RIE — Receive Interrupt Enable 

1 = SCI interrupt enabled 

0 = RDRF and OR interrupts disabled 
ILIE — Idle Line Interrut Enable 

1 =SCI interrupt enabled 

0 = Idle interrupt disabled 
TE — Transmit Enable 

1 = Transmit shift register output is applied to the TDO 

line. Depending upon the SCCR1 M bit, a pream- 
ble of 10 (M = 0) or 11 (M = 1) consecutive ones is 
transmitted. 

0 = Transmitter disabled after last byte is loaded in 

the SCDAT and TDRE is set. After last byte is 
transmitted, TDO line becomes a high-impedance 
line. 

RE — Receive Enable 

1 = Receiver shift register input is applied to the RDI 

line. 

0 = Receiver disabled and RDRF, IDLE, OR, NF, and 

FE status bits are inhibited. 
RWU — Receiver Wake-Up 

1 = Places receiver in sleep mode and enables wake- 

up function 



0 = Wake-up function disabled after receiving data 

word with MSB set (if WAKE = 1 ) 
Wake-up function also disabled after receiving 10 
(M = 0) or 1 1 (M = 1 ) consecutive ones (if WAKE = 0) 
SBK — Send Break 

1 = Transmitter continually sends blocks of zeros (sets 

of 10 or 11) until cleared. Upon completion of 
break code, transmitter sends one high bit for rec- 
ognition of valid start bit. 
0 = Transmitter sends 10 (M = 0) or 11 (M = 1) zeros 
then reverts to an idle state or continues sending 
data. If transmitter is empty and idle, setting and 
clearing the SBK bit may queue up to two char- 
acter times of break because the first break trans- 
fers immediately to the shift register, and the 
second is queued into the parallel transmit buffer. 

Serial Communications Status Register (SCSR) $10 

The SCSR provides inputs to the SCI interrupt logic 
circuits. Noise flag and framing error bits are also con- 
tained in the SCSR. 
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TDRE — Transmit Data Register (TDR) Empty 

1 = TDR contents transferred to the transmit data shift 
register 

0 = TDR still contains data. TDRE is cleared by reading 

the SCSR (with TDRE = 1 ), followed by a write to 
the TDR. 
TC — Transmit Complete 

1 = Indicates end of data frame, preamble, or break 

condition has occurred 

0 = TC bit cleared by reading the SCSR (with TC=1), 

followed by a write to the TDR 
RDRF — Receive Data Register (RDR) Full 

1 = Receive data shift register contents transferred to 

the RDR 

0 = Receive data shift register transfer did not occur. 

RDRF is cleared by reading the SCSR (with 
RDRF = 1 ) followed by a read of the RDR 
IDLE — Idle Line Detect 

1 = Indicates receiver has detected an idle line 

0 = IDLE is cleared by reading the SCSR (with IDLE = 1 ), 

followed by a read of the RDR. Once IDLE is 
cleared, IDLE cannot be set until RDI line becomes 
active and idle again. 
OR — Overrun Error 

1 = Indicates receive data shift register data is sent to 

a full RDR (RDRF = 1). Data causing the overrun 
is lost, and RDR data is not disturbed. 

0 = OR is cleared by reading the SCSR (with OR = 1 ), 

followed by a read of the RDR. 
NF — Noise Flag 

1 = Indicates noise is present on the receive bits, in- 

cluding the start and stop bits. NF is not set until 
RDRF= 1. 

0 = NF is cleared by reading the SCSR (with NF = 1), 
followed by a read of the RDR. 
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FE — Framing Error 

1= Indicates stop bit not detected in received data 
character. FE is set the same time RDRF is set. If 
received byte causes both framing and overrun 
errors, processor will only recognize the overrun 
error. Further data transfer into the RDR is inhib- 
ited until FE is cleared. 
0 = NF is cleared by reading the SCSR (with FE = 1), 
followed by a read of the RDR. 
Bit 0 — Not used 
Can read either one or zero 

Baud Rate Register SOD 

The baud rate register is used to select the SCI trans- 
mitter and receiver baud rate. SCPO and SCP1 prescaler 
bits are used in conjunction with the SCRO through SCR2 
baud rate bits to provide multiple baud rate combinations 
for a given crystal frequency. Bits 3, 6, and 7 always read 
zero. 
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SCPO — SCI Prescaler Bit 0 

SCP1 — SCI Prescaler Bit 1 

Two prescaler bits are used to increase the range of 
standard baud rates controlled by the SCR0-SCR2 



bits. Prescaler internal processor clock division ver- 
sus bit levels are listed in Table 3. 

SCRO — SCI Baud Rate Bit 0 

SCR1 — SCI Baud Rate Bit 1 

SCR2 — SCI Baud Rate Bit 2 

Three baud rate bits are used to select the baud rates 
of the SCI transmitter and SCI receiver. Baud rates 
versus bit levels are listed in Table 4. 



Tables 3 and 4 tabulate the divide chain used to obtain 
the baud rate clock (transmit clock). The actual divider 
chain is controlled by the combined SCP0-SCP1 and SCRO- 
SCR2 bits in the baud rate register. All divided frequen- 
cies shown in Table 3 represent the final baud rate re- 
sulting from the internal processor clock division shown 
in the divided-by column only (prescaler division only). 
Table 4 lists the prescaler output divided by the action 
of the SCI select bits (SCR0-SCR2). For example, assume 
that a 9600-Hz baud rate is required with a 2.4576-MHz 
external crystal. In this case, the prescaler bits (SCPO- 
SCP1) could be configured as a divide-by-one or a divide- 
by-four. If a divide-by-four prescaler is used, then the 
SCR0-SGR2 bits must be configured as a divide-by-two. 
Using the same crystal, the 9600 baud rate can be ob- 
tained with a prescaler divide-by-one and the SCR0-SCR2 
bits configured for a divide-by-eight. 



Table 3. Prescaler Highest Baud Rate Frequency Output 



SCP Bit 


Clock* 
Divided 
By 


Crystal Frequency MHz 


1 


0 


8.0 


4.194304 


4.0 


2.4576 


2.0 


1.8432 


0 
0 

1 
1 


0 

1 

0 

1 


1 
3 
4 
13 


250.000 kHz 
83.332 kHz 
62.600 kHz 
19.200 kHz 


131.072 kHz 
43.691 kHz 
32.768 kHz 
10.082 kHz 


125.000 kHz 
41.666 kHz 
31.250 kHz 
9600 Hz 


76.80 kHz 
25.60 kHz 
19.20 kHz 
5.907 kHz 


62.50 kHz 
20.833 kHz 
15.625 kHz 
4800 Hz 


57.60 kHz 
19.20 kHz 
14.40 kHz 
4430 Hz 



'Refers to the internal processor clock. 



NOTE: The divided frequencies shown in Table 3 represent baud rates which are the highest transmit baud rate (Tx) that can be 
obtained by a specific crystal frequency and only using the prescaler division. Lower baud rates may be obtained by providing 
a further division using the SCI rate select bits as shown below for some representative prescaler outputs. 



Table 4. Transmit Baud Rate Output for a Given Prescaler Output 



SCR Bits 


Divided 
By 


Representative Highest Prescaler Baud Rate Output 


2 


1 


0 


250.000 kHz 


131.072 kHz 


32.768 kHz 


76.80 kHz 


19.20 kHz 


9600 Hz 


0 


0 


0 


1 




131.072 kHz 


32.768 kHz 


76.80 kHz 


19.20 kHz 


9600 Hz 


0 


0 


1 


2 


125.000 kHz 


65.536 kHz 


16.384 kHz 


38.40 kHz 


9600 Hz 


4800 Hz 


0 


1 


0 


4 


62.500 kHz 


32.768 kHz 


8.192 kHz 


19.20 kHz 


4800 Hz 


2400 Hz 


0 


1 


1 


8 


31.250 kHz 


16.384 kHz 


4.096 kHz 


9600 Hz 


2400 Hz 


1200 Hz 


1 


0 


0 


16 


15.625 kHz 


8.192 kHz 


2.048 kHz 


4800 Hz 


1200 Hz 


600 Hz 


1 


0 


1 


32 


7.813 kHz 


4.096 kHz 


1.024 kHz 


2400 Hz 


600 Hz 


300 Hz 


1 


1 


0 


64 


3.906 kHz 


2.048 kHz 


512 Hz 


1200 Hz 


300 Hz 


150 Hz 


1 


1 


1 


128 


1.953 kHz 


1.024 kHz 


256 Hz 


600 Hz 


150 Hz 


75 Hz 



NOTE: Table 4 illustrates how the SCI select bits can be used to provide lower transmitter baud rates by further dividing the prescaler 
output frequency. The five examples are only representative samples. In all cases, the baud rates shown are transmit baud 
rates (transmit clock), and the receive clock is 16 times higher in frequency than the actual baud rate. 
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SERIAL PERIPHERAL INTERFACE 

The serial peripheral interface (SPI) is an interface built 
into the MCU which allows several MCUs or MCUs plus 
peripherals to be interconnected within the same black 
box. In the SPI format, the clock is not included in the 
data stream and must be furnished as a separate signal. 
An SPI system may consist of one master MCU and sev- 
eral slaves (Figure 14) or MCUs that can be either masters 
or slaves. 

Features: 

• Full-duplex, three-wire synchronous transfers 

• Master or slave operation 

• 2.0 MHz (maximum) master bit frequency 

• 4.0 MHz (maximum) slave bit frequency 

• Four programmable master bit rates 

• Programmable clock polarity and phase 

• End-of-transmission interrupt flag 

• Write collision flag protection 

• Master-master mode fault protection capability 

SIGNAL DESCRIPTION 

The four basic signals (MOSI, MISO, SCK, and SS) are 
described in the following paragraphs. Each signal func- 
tion is described for both master and slave mode. 

Master Out, Slave In 

The master out, slave in (MOSI) line is configured as 
an output in a master device and as an input in a slave 
device. The MOSI line is one of two lines that transfer 
serial data in one direction with the most significant bit 
sent first. 

Master In, Slave Out 

The master in, slave out (MISO) line is configured as 
an input in a master device and as an output in a slave 



device. The MISO is one of two lines that transfer serial 
data in one direction with the most significant bit sent 
first. The MISO line of a slave device is placed in a high- 
impedance state if slave is not selected (SS-1). 

Serial Clock 

The serial clock (SCK) is used to synchronize both data 
in and out of a device via the MOSI and MISO lines. The 
master and slave devices can exchange a byte of infor- 
mation during a sequence of eight clock cycles. Since 
SCK is generated by the master device, this line becomes 
an input on a slave device. 

As shown in Figure 15, four possible timing relation- 
ships may be chosen by using control bits CPOL and 
CPHA in the serial peripheral control register (SPCR). Both 
master and slave devices must operate with the same 
timing. 

Two bits (SPRO and SPR1) in the SPCR of the master 
device select the clock rate. In a slave device, SPRO and 
SPR1 have no effect on SPI operation. 

Slave Select 

The slave select (SS) input line selects a slave device. 
The SS line must be low prior to data transactions ajid 
must stay low for the duration of the transaction. The SS 
line on the master must be tied high; if the SS line goes 
low, a mode fault error flag (MODF) is set in the serial 
peripheral status register (SPSR). 

When CPHA = 0, the shift clock is the OR of SS with 
SCK. In this clock phase mode, SS must go high between 
successive characters in an SPI message. When CPHA=1, 
SS must go high between successive characters in an 
SPI message. When CPHA = 1, SS may be left low for 
several SPI characters. In cases where there is only one 
SPI slave MCU, the slave MCU SS line could be tied to 
Vss as long as CPHA=1 clock modes are used. 
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Figure 14. Master-Slave System Configuration 
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Figure 15. Data Clock Timing Diagram 



FUNCTIONAL DESCRIPTION 

A block diagram of the SPI is shown in Figure 16. In a 
master configuration, the CPU sends a signal to the mas- 
ter start logic, which originates an SPI clock (SCK) based 
on the internal processor clock. As a master device, data 
is parallel loaded into the 8-bit shift register from the 
internal bus during a write cycle and then serially shifted 
via the MOSI pin to the slave devices. During a read cycle, 
data is applied serially from a slave device via the MISO 
pin to the 8-bit shift register. Data is then parallel trans- 
ferred to the read buffer and made available to the in- 
ternal data bus during a CPU read cycle. 

In a slave configuration, the slave start logic receives 
a logic low at the SS pin and a clock input at the SCK 
pin. This synchronizes the slave with the master. Data 
from the master is received serially at the slave MOSI pin 
and shifted into the 8-bit shift register for a parallel trans- 
fer to the read buffer. During a write cycle, data is parallel 
loaded into the 8-bit shift register from the internal data 
bus, awaiting the clocks from the master to shift out se- 
rially to the MISO pin and then to the master device. 



Figure 17 illustrates the MOSI, MISO, SCK, and SS 
master-slave interconnections. 

REGISTERS 

There are three registers in the SPI that provide control, 
status, and data storage functions. These registers, the 
serial peripheral control register (SPCR), serial peripheral 
status register (SPSR), and serial peripheral data I/O reg- 
ister (SPDR), are described in the following paragraphs. 

Serial Peripheral Control Register $0A 

The SPCR provides control of individual SPI functions 
such as interrupt and system enabling/disabling, master/ 
slave mode select, and clock polarity/phase/rate select. 
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SPIE — Serial Peripheral Interrupt Enable 
1 = SPI interrupt enabled 
0 = SPI interrupt disabled 
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Figure 16. SPI Block Diagram 
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Figure 17. SPI Master-Slave Interconnections 



SPE — Serial Peripheral System Enable 
1 = SPI system on 

0 = SPI system off 
MSTR — Master Mode Select 

1 = Master mode 

0 = Slave mode 
CPOL — Clock Polarity 

Clock polarity bit controls the clock value and is used 
in conjunction with the clock phase (CPHA) bit. 

1 =SCK line idles high 

0 = SCK line idles in low state 
CPHA — Clock Phase 

Clock phase bit along with CPOL controls the clock- 
data relationship between the master and slave de- 
vices. CPOL selects one of two clocking protocols. 

1 =SS is an output enable control. 

0 = Shift clock is the OR of SCK with SS. 

When SS is low, first edge of SCK invokes first 
data sample. 
SPRO, SPR1 — SPI Clock Rate Bits 
Two clock rate bits are used to select one of four clock 
rates to be used as SCK in the master mode. In the 
slave mode, the two clock rate bits have no effect. Clock 
rate selection is shown in the following table. 
Bit 5 - Not used 
Can read either one or zero 



SPR1 


SPRO 


Internal Processor 






Clock Divided By 


0 


0 


2 


0 


1 


4 


1 


0 


16 


1 


1 


32 



Serial Peripheral Status Register $0B 

The SPSR contains three status bits. 



7 


6 


5 


4 


3 


2 


1 


0 


SPIF 


WCOL 




MODF 










RESET. 
0 


0 




0 











SPIF — Serial Peripheral Data Transfer Flag 

1 = Indicates data transfer completed between pro- 
cessor and external device. 



(If SPIF = 1 and SPIE = 1, SPI interrupt is ena- 
bled.) 

0 = Clearing is accomplished by reading SPSR (with 

SPIF=1) followed by SPDR access. 
WCOL — Write Collision 

1 = Indicates an attempt is made to write to SPDR 

while data transfer is in process. 

0 = Clearing is accomplished by reading SPSR (with 

WCOL=1), followed by SPDR access. 
MODF — Mode Fault Flag 

1 = Indicates multi-master system control conflict. 
0 = Clearing is accomplished by reading SPSR (with 

MODF = 1), followed by a write to the SPCR. 
Bits 0-3, and 5 — Not used 
Can read either zero or one 

Serial Peripheral Data I/O Register. $0C 

The SPDR is a read/write register used to receive and 
transmit SPI data. 



7 6 5 4 3 2 1 0 



SPD7 


SPD6 


SPD5 


SPD4 


SPD3 


SPD2 


SPD1 


SPDO 


RESET: 
U 


U 


U 


U 


U 


U 


U 


U 



A write to the SPDR places data directly into the shift 
register for transmission. Only a write to this register will 
initiate transmission/reception of another byte and will 
only occur in the master device. On completion of byte 
transmission, the SPIF status bit is set in both master and 
slave devices. 

A read to the SPDR causes the buffer to be read. The 
first SPIF status bit must be cleared by the time a second 
data transfer from the shift register to the read buffer 
begins, or an overrun condition will exist. In overrun cases, 
the byte causing the overrun is lost. 



INSTRUCTION SET 

The MCU has a set of 62 basic instructions. They can 
be divided into five different types: register/memory, read- 
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 
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This MCU uses all the instructions available in the 
M146805 CMOS Family plus one more: the unsigned 
multiply (MUL) instruction. This instruction allows un- 
signed multiplication of the contents of the accumulator 
(A) and the index register (X). The high-order product is 
then stored in the index register, and the low-order prod- 
uct is stored in the accumulator. A detailed definition of 
the MUL instruction is shown below. 



Operation 



Description 



Condition 
Codes 



Source 



Form(s) 



X:A X*A 



Multiplies the eight bits in the index register 
by the eight bits in the accumulator to obtain 
a 16-bit unsigned number in the concatenated 
accumulator and index register 



H: Cleared 
I: Not affected 
N: Not affected 
Z: Not affected 
C: Cleared 



MUL 



Addressing 
Mode 
Inherent 



Cycles 
11 



Bytes 
1 



Opcode 
$42 



REGISTER/MEMORY INSTRUCTIONS 

Most of these instructions use two operands. One op- 
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 
jump to subroutine (JSR) instructions have no register 
operand. Refer to the following instruction list. 



Function 


Mnemonic 


Load A from Memory 


LDA 


Load X from Memory 


LDX 


Store A in Memory 


STA 


Store X in Memory 


STX 


Add Memory to A 


ADD 


Add Memory and Carry to A 


ADC 


Subtract Memory 


SUB 


Subtract Memory from A with Borrow 


SBC 


AND Memory to A 


AND 


OR Memory with A 


ORA 


Exclusive OR Memory with A 


EOR 


Arithmetic Compare A with Memory 


CMP 


Arithmetic Compare X with Memory 


CPX 


Bit Test Memory with A (Logical Compare) 


BIT 


Jump Unconditional 


JMP 


Jump to Subroutine 


JSR 



negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 



Function 


Mnemonic 


Increment 


INC 


Decrement 


DEC 


Clear 


PI D 


Complement 


COM 


Negate (Twos Complement) 


NEG 


Rotate Left Thru Carry 


ROL 


Rotate Right Thru Carry 


ROR 


Logical Shift Left 


LSL 


Logical Shift Right 


LSR 


Arithmetic Shift Right 


ASR 


Test for Negative or Zero 


TST 


Multiply 


MUL 



BRANCH INSTRUCTIONS 

This set of instructions branches if a particular condi- 
tion is met; otherwise, no operation is performed. Branch 
instructions are two-byte instructions. Refer to the fol- 
lowing list for branch instructions. 



Function 


Mnemonic 


Branch Always 


BRA 


Branch Never 


BRN 


Branch if Higher 


BHI 


Branch if Lower or Same 


BLS 


Branch if Carry Clear 


BCC 


Branch if Higher or Same 


BHS 


Branch if Carry Set 


BCS 


Branch if Lower 


BLO 


Branch if Not Equal 


BNE 


Branch if Equal 


BEQ 


Branch if Half Carry Clear 


BHCC 


Branch if Half Carry Set 


BHCS 


Branch if Plus 


BPL 


Branch if Minus 


BMI 


Branch if Interrupt Mask Bit is Clear 


BMC 


Branch if Interrupt Mask Bit is Set 


BMS 


Branch if Interrupt Line is Low 


BIL 


Branch if Interrupt Line is High 


BIH 


Branch to Subroutine 


BSR 



READ-MODIFY-WRITE INSTRUCTIONS 

These instructions read a memory location or a reg- 
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 



BIT MANIPULATION INSTRUCTIONS 

The MCU is capable of setting or clearing any writable 
bit which resides in the first 256 bytes of the memory 
space where all port registers, port DDRs, timer, timer 
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control, ROM, and on-chip RAM reside. An additional 
feature allows the software to test and branch on the state 
of any bit within these 256 locations. The bit set, bit clear 
and bit test, and branch functions are all implemented 
with a single instruction. For test and branch instructions, 
the value of the bit tested is also placed in the carry bit 
of the condition code register. Refer to the following list 
for bit manipulation instructions. 



Function 


Mnemonic 


Branch if Bit n is Set 


BRSETn(n = 0...7) 


Branch if Bit n is Clear 


BRCLRn(n = 0...7) 


Set Bit n 


BSETn (n = 0...7) 


Clear Bit n 


BCLRn(n = 0...7) 




CONTROL INSTRUCTIONS 

These instructions are register reference instructions 
and are used to control processor operation during pro- 
gram execution. Refer to the following list for control 
instructions. 



Function 


Mnemonic 


Transfer A to X 


TAX 


Transfer X to A 


TXA 


Set Carry Bit 


SEC 


Clear Carry Bit 


CLC 


Set Interrupt Mask Bit 


SEI 


Clear Interrupt Mask Bit 


CLI 


Software Interrupt 


SWI 


Return from Subroutine 


RTS 


Return from Interrupt 


RTI 


Reset Stack Pointer 


RSP 


No-Operation 


NOP 


Stop 


STOP 


Wait 


WAIT 



OPCODE MAP SUMMARY 

Table 5 is an opcode map for the instructions used on 
the MCU. 



ADDRESSING MODES 

The MCU uses ten different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code con- 
version tables, and scaling tables anywhere in the mem- 
ory space. Short indexed accesses are single byte 
instructions; the longest instructions (three bytes) permit 
accessing tables throughout memory. Short and long ab- 
solute addressing is also included. One- or two-byte di- 
rect addressing instructions access all data bytes in most 
applications. Extended addressing permits jump instruc- 
tions to reach all memory. 



The term "effective address" (EA) is used in describing 
the various addressing modes. Effective address is de- 
fined as the address from which the argument for an 
instruction is fetched or stored. 

IMMEDIATE 

In the immediate addressing mode, the operand is con- 
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize a loop counter). 

DIRECT 

In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 

EXTENDED 

In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. When using 
the Motorola assembler, the user need not specify whether 
an instruction uses direct or extended addressing. The 
assembler automatically selects the shortest form of the 
instruction. 

RELATIVE 

The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8- 
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from - 126 to +129 from 
the opcode address. The programmer need not calculate 
the offset when using the Motorola assembler, since it 
calculates the proper offset and checks to see that it is 
within the span of the branch. 

INDEXED, NO OFFSET 

In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. This addressing mode can access the first 256 
memory locations. These instructions are only one byte 
long. This mode is often used to move a pointer through 
a table or to hold the address of a frequently referenced 
RAM or I/O location. 

INDEXED, 8-BIT OFFSET 

In the indexed, 8-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address- 
able locations and could extend as far as location 510 
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Table 5. Opcode Map 





Bit Manipulation 




RMd/Modrty/Wnta 


Control 


Register/MamorY 




RTA 






DIR 


INH 


INH 


1X1 


IX 


INM 


INH 


IMM 


DIR 


EXT 


1X2 


1X1 


IX 




__Bjfl 1 

0000 


0001 


0010 


"if 1 

0011 


01O0 


1 T 

0101 


• 

0110 


7 

0111 


8 

1000 


9 

1X1 


A 

1010 


B 

1011 


— <r — 

1100 


— T> — 

1101 


E 
1110 


— f — 

1111 


H — ^ 
^ Low 


0 

stsa 


BRSETO 
3 BTB 


BSETO 
2 BSC 


3 

BRA 
2 BEL 


NEG 
2 DiB 


NEGA 

1 INH 


NEGX 

1 INH 


NEG 

? 1X1 


NEG 

1 IX 


RTI 

1 INH 




r 

SUB 

2 IMM 


T 

SUB 

2 DIR 


r 

SUB 
3 EXT 


SUB 
3 IX2 


r 

SUB 

2 1X1 


SUB 


0 
0000 


1 

0001 


BRCLRO 


BCLRO 
2 BSC 


BRN 

2 BEL 












RTS 

1 INH 




CMP 

2 IMM 


CMP 
2 DIR 


CMP 

3 EXT 


CMP 
J Hj. 


CMP 

2 1X1 


CMP 


1 

0X1 


2 

0010 


3 BT| 

BRSET1 


BSET1 

2 BSC 


3 

BHI 
2 REL 




i MU Sn 












SBC 

2 IMM 


SBC 

2 DIR 


SBC 

3 EXT 


SBC 

3 IX2 


SBC 

2 1X1 


y 

SBC 

1 IX 


2 

0010 


3 
0011 


3 BT| 

BRCLR1 
3 BTB. 


BCLR1 

2 BSC 


BLS 

2 R£L 


COM 

2 DIB 


COMA 

1 INH 


COMX 3 

1 - INH 


COM 

2 1X1 


COM 5 


swi 10 

1 INH 




cpx 

2 IMM 


CPX 

2 DIR 


CPX 

3 EXT 


CPX 

3 IX2 


CPX 

2 1X1 


3 

CPX 

1 IX 


3 

0011 


4 

0100 


BRSET2 
3 BTB. 


BSET2 

2 BSC 


3 

BCC 

2 REL 


LSR 

2 DTR 


LSRA 


LSRX 

1 INH 


LSR 

2 ixi 


LSR 5 






AND 

2 IMM 


AND 

2 DIR 


AND 

3 EXT 


AND 

— *tr 


AND 

2 1X1 


3 

AND 

1 IX 


4 

0100 


5 
0101 


BRCLR2 
3 BTj 


BCLR2 

2 BSC 


3 

BCS 

2 BEL 
















BIT 

2 IMM 


BIT 

2 DIR 


BIT 

3 EXT 


BIT 

3 IX2 


bit" 

2 1X1 


3 

BIT 

1 IX 


5 

0101 


6 

0110 


BRSET3* 


BSET3 
2 BSC 


3 

BNE 

2 BEL 


ROR 

2 DIB 


RORA 

1 INH 


RORX 

1 INH 


ROR 
2 ixi 


ROR 6 

1 IX 






LDA 

2 IMM 


LDA 

2 DIR 


LDA 

3 EXT 


LDA 

— Bf- 


LDA 

2 ixi 


LDA 

1 IX 


6 

0110 


7 
0111 


3 BT| 
BRCLR3 


BCLR3 
J. BSC. 


3 

BEQ 

2 BEL 


ASR 

2 DIB 


ASRA 
1 INH 


ASRX 
1 INH 


ASR 
2 ixi 


ASR 




TAX 

1 INH 




STA 

2 DIR 


STA 

3 EXT 


STA 
3 ix| 


STA 

2 1X1 


STA 

1 IX 


7 

0111 


8 

1000 


3 BT| 

BRSET4 
3 BTB 


BSET4 

2 BSC 


3 

BHCC 
2 BEL 


LSI 
2 DIR 


LSLA 
1 INH 


LSLX 


LSL 
2 ixi 


LSL 




CLC 
1 INH 


EOR 

2 IMM 


EOR 

2 DIR 


EOR 

3 EXT 


EOR 


EOR 

2 1X1 


EOR 


8 

1000 


9 
1001 


5 

BRCLR4 
J BTB. 


5 

BCLR4 

2 BSC 


3 

BHCS 
2 BEL 


5 

ROL 

2 DIR 


3 

ROLA 

1 INH 


3 

ROLX 


6 

ROL 
2 ixi 


5 

ROL 




2 

SEC 

1 INH 


2 

ADC 

2 IMM 


3 

ADC 

2 DIR 


ADC 

3 EXT 


3 IX| 

ADC 

3 IX2 


ADC 

2 1X1 


3 

ADC 


1031 


A 

1010 


BRSET5 
J BIB_ 


BSET5 
2 BSC 


3 

BPL 

2 BEL 


5 

DEC 

2 DIR 


3 

DECA 

1 INH 


3 

DECX 

1 INH 


6 

DEC 

2 1X1 


5 

DEC 

1 IX 




i 

CLI 

1 INH 


2 

ORA 
2 IMM 


3 

ORA 

2 OiR 


ORA 

3 EXT 


5 

ORA 

3 IX2 


ORA 

2 1X1 


3 

ORA 

1 IX 


A 

1010 


B 

1011 


BRCLR5 


BCLR5 


3 

BMI 














2 

SEI 

1 INH 


2 

ADD 

2 IMM 


3 

ADD 

2 DIR 


ADD 

3 EXT 


5 

ADD 

3 IX2 


ADD 

2 1X1 


3 

ADD 

1 IX 


B 

101 1 


c 

1100 


J BI|_ 

BRSET6 


BSET6 
2 BSC, 


Z — Jiij 
BMC 


5 

INC 

2 DIR 


3 

INCA 
1 INH 


3 

INCX 
1 INH 


6 

INC 

2 1X1 


S 

INC 




2 

RSP 




JMP 

2 DIR 


JMP 

3 EXT 


4 

JMP 

3 IX2 


JMP 

2 1X1 


5 

JMP 


c 

1100 


D 

1101 


j ai|_ 

BRCLR6 

3 BTB 


BCLR6 
2 BSC 


2 REjj 

BMS 

2 BEL 


TST 

2 DIR 


3 

TSTA 

1 INH 


3 

TSTX 

1 INH 


5 

TST 

2 1X1 


4 

TST 

1 IX 




2 

NOP 

1 INH 


6 

BSR 

2 REL 


5 

JSR 
2 DIR 


JSR 
3 EXT 


7 

JSR 

3 IX2 


JSR 

2 1X1 


5 

JSR 

1 IX 


D 

1101 


E 
1110 


6 

BRSET7 


BSET7 
2 BSC. 


3 

BIL 

2 BEL 












2 

STOP 

1 INH 




2 

LDX 

2 IMM 


3 

LDX 
2 DIR 


LDX 

3 EXT 


5 

LDX 

3 IX^ 


LDX 

2 1X1 


3 

LDX 


E 

1110 


F 

1111 


J Bl|_ 

BRCLR7 
3 BTB 


BCLR7 

2 BSC 


BIH 

2 BEL 


5 

CLR 
2 DIB 


CLRA 

1 INH 


3 

CLRX 

1 INH 


6 

CLR 

2 1X1 


5 

CLR 

1 IX 


i 

WAIT 
1 INH 


2 

TXA 

1 INH 




4 

STX 
2 DIR 


STX 
3 EXT 


STX 
3 IX2 


STX 
2 1X1 


4 

STX 

1 IX 


F 

1111 



o 

a> 
00 
I 
CO 

o 
o 

Ul 

o 



Abbreviations foe Address Mods* 



LEGEND 



INH 


Inherent 


A 


Accumulator 


X 


Index Register 


IMM 


Immediate 


OIR 


Direct 


EXT 


Extended 


REL 


Relative 


BSC 


Bit Set/ Clear 


BTB 


Bit Test and Branch 


IX 


Indexed (No Offset) 


1X1 


Indexed. 1 Byte 18-Bit) Offset 


1X2 


Indexed, 2 Byte (16-Bit) Offset 




Cycles 



Opcode in Hexadecimal 
Opcode in Binary 

Address Mode 



CO 
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($1 FE is the last location at which the instruction may 
begin). 

INDEXED, 16-BIT OFFSET 

In the indexed, 16-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 
the opcode. This address mode can be used in a manner 
similar to indexed, 8-bit offset except that this three-byte 
instruction allows tables to be anywhere in memory. As 
with direct and extended addressing, the Motorola as- 
sembler determines the shortest form of indexed ad- 
dressing. 

BIT SET/CLEAR 

In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode, and the byte following 
the opcode specifies the direct addressing of the byte in 
which the specified bit is to be set or cleared. Any read/ 
write bit in the first 256 locations of memory, including 
I/O, can be selectively set or cleared with a single two- 
byte instruction. 



BIT TEST AND BRANCH 

The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 
bit that is to be tested and its condition (set or clear), is 
included in the opcode. The address of the byte to be 
tested is in the single byte immediately following the 
opcode byte. The signed relative 8-bit offset in the third 
byte is added to the PC if the specified bit is set or cleared 
in the specified memory location. This single three-byte 
instruction allows the program to branch based on the 
condition of any readable bit in the first 256 locations of 
memory. The span of branching is from -125 to +130 
from the opcode address. The state of the tested bit is 
also transferred to the carry bit of the condition code 
register. 

INHERENT 

In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in- 
structions are one byte long. 



ELECTRICAL SPECIFICATIONS 



MAXIMUM RATINGS (Voltages referenced to Vss) 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


v D d 


-0.3 to +7.0 


V 


Input Voltage 


Vin 


Vss -0.3 to 

v D d +o.3 


V 


Self-Check Mode (IRQ Pin Only) 


V,n 


V S s -0.3 to 

2 x Vdd + °-3 


V 


Current Drain Per Pin Excluding 

vqd and Vss 


I 


25 


mA 


Operating Temperature Range 


T A 


Oto +70 


°C 


Storage Temperature Range 


T s tg 


-65 to +150 


°c 



This device contains circuitry to protect the in- 
puts against damage due to high static voltages 
or electric fields; however, it is advised that nor- 
mal precautions be taken to avoid application of 
any voltage higher than maximum-rated voltages 
to this high-impedance circuit. For proper oper- 
ation, it is recommended that Vj n and V ou t be 
constrained to the range Vss 85 (Vj n or V ou t) =s 
Vdd- Reliability of operation is enhanced if un- 
used inputs are connected to an appropriate logic 
voltage level (e.g., either Vss or Vdd)- 



THERMAL CHARACTERISTICS 



Characteristic 


Symbol 


Value 


Unit 


Thermal Resistance 


»JA 




°C/W 


Plastic 


60 




Plastic Leaded Chip Carrier (PLCC) 




70 
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POWER CONSIDERATIONS 

The average chip-junction temperature, Tj, in °C can 
be obtained from: 

Tj=T A +(P D -ejA) (D 

where: 

T A = Ambient Temperature, °C 
6jA = Package Thermal Resistance, 
Junction-to-Ambient, °C/W 
p D =P|NT+ p l/0 

P|NT = 'CC x ^CC- Watts — Chip Internal Power 
P|/0 = P° wer Dissipation on Input and Output 
Pins — User Determined 



For most applications P|/o<P|NT anc ' can ^ e neglected. 

The following is an approximate relationship between 
Pq and Tj (if P|/q is neglected): 

P D = K-HTj + 273°C) (2) 

Solving equations (1) and (2) for K gives: 

K = P d MT a + 273°C) + 9j A -Pd 2 (3) 
where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring Pq 
(at equilibrium) for a known T A . Using this value of K, 
the values of Pq and Tj can be obtained by solving equa- 
tions (1) and (2) iteratively for any value of T A . 



V DD = 4.5V 



Pins 


R1 


R2 


c 


PA0-PA7, 
PB0-PB7, 
PC0-PC7, 
PD1-PD4 


3.26 kn 


2.38 kn 


50 pF 


PD0.PD5, PD7 


1.9 kft 


2.26 kn 


200 pF 


V DD = 3.0V 


Pins 


R1 


R2 


c 


PA0-PA7, 
PB0-PB7, 
PC0-PC7, 
PD1-PD4 


10.91 kn 


6.32 kn 


50 pF 


PDO, PD5, PD7 


6 kn 


6 kn 


200 pF 



Test 
Point 



C 
(See 
Tablel 



r 

L 



R2 ' 
• (See Table) 



R1 

. (See Table) 



Figure 18. Equivalent Test Load 
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DC ELECTRICAL CHARACTERISTICS 

(Vdd = 5.0 Vdc± 10%, Vss = 0 Vdc, T/\ = Tl to T"h, unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Output Voltage, lLoad 15100 M-A 


vol 
voh 


Vdd-o.1 




0.1 


V 


Output High Voltage 

(l|_oad = 0.8 mA) PA0-PA7, PB0-PB7, PC0-PC7, TCMP (see Figure 
19) 

, (lLoad = 1-6 mA) PD1-PD4 (see Figure 20) 


VOH 


Vdd-o.8 
Vdd-o.8 


- 


- 


V 


Output Low Voltage (see Figure 21) 
('Load = 1-6 mA) PA0-PA7, PB0-PB7, PC0-PC7, PD1-PD4, TCMP 


Vni 






0.4 


V 


Input High Voltage 
PA0-PA7, PB0-PB7, PC0-PC7, PD0-PD5, PD7, TCAP, IRQ, 
RESET, OSC1 


V|H 


0.7xV D D 


- 


vdd 


V 


Input Low Voltage 
PA0-PA7, PB0-PB7, PC0-PC7, PD0-PD5, PD7, TCAP, IRQ, 
RESET, OSC1 


V| L 


vss 




0.2xV D D 


V 


Data Retention Mode (0° to 70°C) 


VRM 


2.0 






V 


Supply Current (see Notes) 
Run (see Figures 22 and 23) 
Wait (see Figures 22 and 23) 
Stop (see Figure 23) 
25°C 

0° to 70°C (Standard) 


Idd 


- 


6.7 
3.0 

2.0 


13.3 
7.6 

50 
140 


mA 
mA 

M-A 
HA 


I/O Ports Hi-Z Leakage Current 
PA0-PA7, PB0-PB7, PC0-PC7, PD1-PD4 


IlL 






±10 


M-A 


Input Current 
RESET, IRQ, TCAP, OSC1, PDO, PD5, PD7 


■in 






±1 


HA 


Capacitance 
Ports (as Input or Output) 
RESET, IRQ, TCAP, PD0-PD5, PD7 


C 0 ut 
c in 






12 
8 


pF 



NOTES: 

1. All values shown reflect average measurements. 

2. Typical values at midpoint of voltage range, 25°C only. 

3. Wait Idd= Only timer system active (SPE = TE = RE = 0). If SPI, SCI active (SPE = TE = RE = 1) add 10% current draw. 

4. Run (Operating) Idd> Wait Idd : Measured using external square wave clock source (f osc = 8.0 MHz), all inputs 0.2 V from rail; 
no dc loads, less than 50 pF on all outputs, Cl = 20 pF on OSC2. 

5. Wait, Stop Idd : Al1 P orts configured as inputs, V|i_ = 0.2 V, V|h = Vdd-0.2 V. 

6. Stop Idd measured with OSC1 =VsS- 

7. Standard temperature range is 0° to 70°C. A 25°C only version is available. 

8. Wait Idd is affected linearly by the OSC2 capacitance. 
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DC ELECTRICAL CHARACTERISTICS 

(Vdd = 3 - 3 Vdc±10%, Vss = 0 Vdc, Ta = Tl to Th, unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Output Voltage, I|_ oac |s10.0 p.A 


VOL 
VOH 


Vdd-o.1 


— 


0.1 


V 


Output High Voltage 

('Load = 0 2 mA ) PA0-PA7, PB0-PB7, PC0-PC7, TCMP (see Figure 
19) 

( | Load = 1'6 mA) PD1-PD4 (see Figure 20) 


V 0 H 


Vdd-0.3 

vdd-03 






V 


Output Low Voltage (see Figure 21) 
dLoad = 0.4 mA) PA0-PA7, PB0-PB7, PC0-PC7, PD1-PD4, TCMP 


vol 




- 


03 


V 


Input High Voltage 
PA0-PA7, PB0-PB7, PC0-PC7, PD0-PD5, PD7, TCAP. IRQ, 
RESET, OSC1 


V|H 


0.7xV DD 




V D D 


V 


Input Low Voltage 

PA0-PA7, PB0-PB7, PC0-PC7, PD0-PD5, PD7, TCAP, IRQ, 
RESET, OSC1 


V|L 


vss 


— 


02xV D D 


V 


Data Retention Mode (0° to 70°C) 


Vrm 


2.0 






V 


Supply Current (see Notes) 
Run (see Figures 22 and 24) 
Wait (see Figures 22 and 24) 
Stop (see Figure 24) 
25°C 

0° to 70°C (Standard) 


Idd 




1.0 
0.5 

1.0 


2.5 
1 .4 

30 
80 


mA 
mA 

|xA 
jxA 


I/O Ports Hi-Z Leakage Current 
PA0-PA7, PB0-PB7, PC0-PC7, PD1-PD4 


IlL 






±10 


fiA 


Input Current 
RESET, IRQ, TCAP, 0SC1, PDO, PD5, PD7 


"in 






±1 


HA 


Capacitance 
Ports (as Input or Output) 
RESET, IRQ, TCAP, PD0-PD5, PD7 


c out 
Cm 






12 
8 





NOTES: 

1. All values shown reflect average measurements. 

2. Typical values at midpoint of voltage range, 25°C only. 

3. Wait Idd: Only timer system active (SPE=TE = RE = 0). If SPI, SCI active (SPE = TE = RE = 1) add 10% current draw. 

4. Run (Operating) Idd< Wait 'DD : Measured using external square wave clock source (f osc = 4.2 MHz), all inputs 0.2 V from rail 
no dc loads, less than 50 pF on all outputs, Cl = 20 pF on OSC2. 

5. Wait, Stop Idd= All ports configured as inputs, V|(_ = 0.2 V, V|h=Vdd -0 - 2 v - 

6. Stop Idd measured with OSC1 =Vss- 

7. Standard temperature range is 0° to 70°C. A 25X only version is available. 

8. Wait Idd is affected linearly by the OSC2 capacitance. 
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Figure 19. Typical VrjH vs IQH f° r Ports A, B, C, and TCMP 
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Figure 20. Typical Vqh vs Iqh f° r PD1-PD4 



Figure 21. Typical Vql vs Iql for All Ports 
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3 




0 05 10 15 20 0 05 10 15 20 

Internal Frequency 1/tcycle (MHz) Internal Frequency 1/tcycle (MHz) 



Figure 22. Typical Current vs Internal Frequency for Run and Wait Modes 
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Internal Frequency (MHz) 



Figure 23. Maximum Iqq vs Frequency for Vqd = 5-0 Vdc 
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CONTROL TIMING 

(V DD = 5.0 Vdc±10%, Vss = 0 Vdc, T A = T L to Th) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Frequency of Operation 
Crystal Option 
External Clock Option 


f osc 


dc 


8.0 
8.0 


MHz 


Internal Operating Frequency 
Crystal (f osc ^2) 
External Clock (f 0 sc -2 ) 


'op 


dc 


4.0 
4.0 


MHz 


Cycle Time (see Figure 28) 


tcyc 


250 




ns 


Crystal Oscillator Startup Time (see Figure 28) 


toxov 




100 


ms 


Stop Recovery Startup Time (Crystal Oscillator) (see Figure 25) 


tlLCH 




100 


ms 


RESET Pulse Width (see Figure 28) 


tRL 


1.5 




tcyc 


Timer 
Resolution** 

Input Capture Pulse Width (see Figure 26) 
Input Capture Pulse Period (see Figure 26) 


tRESL 
l TH' *TL 
tTLTL 


4.0 
63 

*** 




tcyc 
ns 

tcyc 


Interrupt Pulse Width Low (Edge-Triggered) (see Figure 8) 


tlLIH 


63 




ns 


Interrupt Pulse Period (see Figure 8) 


tlLIL 


* 




tcyc 


0SC1 Pulse Width 


tOH- tQL 


45 




ns 



*The minimum period t||_||_ should not be less than the number of cycle times it takes to execute the interrupt service routine plus 
21 t C y C . 

**Smce a 2-bit prescaler in the timer must count four internal cycles (t cyc ), this is the limiting minimum factor in determining the 
timer resolution. 

***The minimum period tj|_jL should not be less than the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 t cyc . 



oscii 



IRQ2 



IRQ3 



Internal 
Address 
Bus 










c 






— t|LCH > 


< 4 064t cyc > 





DGEX 




1FFF4 



NOTES 

1 Represents the internal gating of the OSC1 pin 

2 IRQ pin edge-sensitive mask option 

3 IRQ pin level and edge-sensitive mask option 

4 RESET vector address shown for timing example 



RESET or Interrupt 
Vector Fetch 



Figure 25. Stop Recovery Timing Diagram 
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CONTROL TIMING 

(Vdd = 3.3 Vdc±10%, V S s = 0 Vdc, T A = T L to T H ) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Frequency of Operation 


fosc 






MHz 


Crystal Option 






2.0 




External Clock Option 




dc 


2.0 




Internal Operating Frequency 


fop 






MHz 


Crystal (f osc -2) 




1.0 




External Clock (f 0S c-2) 




dc 


1.0 




Cycle Time (see Figure 28) 


tcyc 


1000 




ns 


Crystal Oscillator Startup Time (see Figure 28) 


tOXOV 




100 


ms 


Stop Recovery Startup Time (Crystal Oscillator) (see Figure 25) 


tlLCH 




100 


ms 


RESET Pulse Width — Excluding Power-Up (see Figure 28) 


tRL 


1 5 




tcyc 


Timer 










Resolution** 


tRESL 


4.0 




tcyc 


Input Capture Pulse Width (see Figure 26) 


tTH- tTL 


250 




ns 


Input Capture Pulse Period (see Figure 26) 


tTLTL 






tcyc 


Interrupt Pulse Width Low (Edge-Triggered) (see Figure 8) 


tlLIH 


250 




ns 


Interrupt Pulse Period (see Figure 8) 


t|LIL 






tcyc 


OSC1 Pulse Width 


tOH- *OL 


200 




ns 



*The minimum period t| |_n_ should not be less than the number of cycle times it takes to execute the interrupt service routine plus 

21 t C yc. 

**Since a 2-bit prescaler in the timer must count four internal cycles (t cyc ), this is the limiting minimum factor in determining the 
timer resolution. 

**The minimum period tj|_TL should not be less than the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 t C y C . 



External 
Signal 
ITCAP 
Pin 37I 



J 



-tTLTL- 



»| 'TH |« »| tTL |« 



L 



Figure 26. Timer Relationships 
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SERIAL PERIPHERAL INTERFACE (SPI) TIMING 



(VDD = 5.0 Vdc±10%, Vss = 0 Vdc, Ta = T|_ to Th) (see Figure 27) 



Num. 


Characteristic 


Symbol 


Min 


Max 


Unit 




Operating Frequency 
Master 
Slave 


fop(m) 
f op(s) 


dc 
dc 


0.5 
4.0 


f op(s) 
MHz 


1 


Cycle Time 
Master 
Slave 


l cyc(m) 
tcyc(s) 


2.0 
250 


- 


tcyc 
ns 


2 


Enable Lead Time 
Master 
Slave 


l lead(m) 
tlead(s) 


TBD 




ns 
ns 


3 


Enable Lag Time 
Master 
Slave 


t|ag(m) 
tlaa(s) 


TBD 




ns 
ns 


4 


Clock (SCK) High Time 
Master 
Slave 


tw(SCKH)m 
M(SCKH)s 


TBD 
TBD 




ns 
ns 


5 


Clock (SCK) Low Time 
Master 
Slave 


tw(SCKL)m 
tw(SCKL)s 


TBD 
TBD 


— 


ns 
ns 


6 


Data Setup Time (Inputs) 
Master 
Slave 


l su(m) 
l su(s) 


TBD 
TBD 





ns 
ns 


7 


Data Hold Time (Inputs) 
Master 
Slave 


th(m) 
'Ms) 


TBD 
TBD 




ns 
ns 


8 


Access Time (Time to Data Active from High-Impedance State) 
Slave 


h 


0 


TBD 


ns 


9 


Disable Time (Hold Time to High-Impedance State) 
Slave 


tdis 


- 


TBD 


ns 


10 


Data Valid 
Master (Before Capture Edge) 
Slave (After Enable Edge)** 


Mm) 
Ms) 


TBD 


TBD 


'cyclm) 
ns 


11 


Data Hold Time (Outputs) 
Master (After Capture Edge) 
Slave (After Enable Edge) 


tho(m) 
tho(s) 


TBD 
0 




tcyc(m) 
ns 


12 


Rise Time (20% Vqq to 70% Vdd- Cl = 200 pF) 
SPI Outputs (SCK, MOSI, and MISOJ_ 
SPI Inputs (SCK, MOSI, MISO, and SS) 


trm 

trs 




TBD 
TBD 


ns 

US 


13 


Fall Time (70% Vqd to 20% Vdd- Cl = 200 pF) 
SPI Outputs (SCK, MOSI, and MISOJ_ 
SPI Inputs (SCK, MOSI, MISO, and SS) 


tfm 
tfs 




TBD 
TBD 


ns 

(JLS 



*Signal production depends on software. 
**Assumes 200 pF load on all SPI pins. 
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SERIAL PERIPHERAL INTERFACE (SPI) TIMING 

(Vdd = 3.3 Vdc±10% ( Vss = 0 Vdc, Ta = Tl to Th) (see Figure 27) 



Num. 


Characteristic 


Symbol 


Min 


Max 


Unit 




Operating Frequency 
Master 
Slave 


fop(m) 
f op(s) 


dc 
dc 


0.5 
1.0 


f op 
MHz 


1 


Cycle Time 
Master 
Slave 


tcyc(m) 
tcvc(s) 


2.0 
1.0 


— 


tcyc 

(IS 


2 


Enable Lead Time 
Master 
Slave 


t|ead(m) 
tlead(s) 


500 


— 


ns 
ns 


3 


Enable Lag Time 
Master 
Slave 


tlag(m) 
t|ag(s) 


500 


— 


ns 
ns 


4 


Clock (SCK) High Time 
Master 
Slave 


tw(SCKH)m 
tw(SCKH)s 


720 
400 


- 


(IS 

ns 


5 


Clock (SCK) Low Time 
Master 
Slave 


tw(SCKL)m 
tw(SCKL)s 


720 
400 


- 


M*S 
ns 


6 


Data Setup Time (Inputs) 
Master 
Slave 


tsu(m) 
l su(s) 


200 
200 


- 


ns 
ns 


7 


Data Hold Time (Inputs) 
Master 
Slave 


*h(m) 
l h(s) 


200 
200 


- 


ns 
ns 


8 


Access Time (Time to Data Active from High-Impedance State) 
Slave 


ta 


0 


250 


ns 


9 


Disable Time (Hold Time to High-Impedance State) 
Slave 


tdis 




500 


ns 


10 


Data Valid 
Master (Before Capture Edge) 
Slave (After Enable Edge)** 


Mm) 
Ms) 


n or 
u.zo 


500 


tcyc(m) 
ns 


11 


Data Hold Time (Outputs) 
Master (After Capture Edge) 
Slave (After Enable Edge) 


tho(m) 
tho(s) 


0.25 
0 




l cyc(m) 
ns 


12 


Rise Time (20% Vqd to 70% Vrjo, C|_ = 200 pF) 
SPI Outputs (SCK, MOSI, and MISO]_ 
SPI Inputs (SCK, MOSI, MISO, and SS) 


trm 
trs 




200 
2.0 


ns 

M-s 


13 


Fall Time (70% Vqd to 20% Vqd. C|_ = 200 pF) 
SPI Outputs (SCK, MOSI, and MISOJ_ 
SPI Inputs (SCK, MOSI, MISO, and SS) 


tfm 
tfs 




200 
2.0 


ns 
M-S 



*Signal production depends on software. 
"Assumes 200 pF load on all SPI pins. 



MOTOROLA MICROPROCESSOR DATA 



MC68HSC05C4 



55 

(INPUT) 



55 Is Held High on Master 



SCK 

(OUT; 



%i r aftt 5 .r /V """'i, ,r \ 



SCK I 
(OUTP 



MISO 
(INPUT) 



MOSI 
(OUTPUT) 



\ l MSB IN ^ 



MASTER MSB OUT 



*<3) 

X 



^ LSBIN y 



BIT 6 1 

— s— 



MASTER LSB OUT 



NOTE: This first dock edge is generated internally but is not seen at the SCK pin. 

a) SPI MASTER TIMING (CPHA=0) 



7 



55 

(INPUT) 



SCK (CPOL-0) 
" TPL" 



(OUTPUT) 



SCK (CPOL-1) 
(OUTPUT) 



MISO 
(INPUT) 



MOSI 
(OUTPUT) 



55 is Held High on Master 



noM> 



MSB IN y 



MASTER MSB OUT 



X 



BIT 6 1 

— s— 



MASTER LSB OUT 



(SHh- 



NOTE: This last dock edge is generated internally but is not seen at the SCK pin. 

b) SPI MASTER TIMING (CPHA = 1) 



Figure 27. SPI Timing Diagrams (Sheet 1 of 2) 
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55 

(INPUT) 



SCK (CPOL.O) 
(INPUT) 



SCK (CPOL.1) 
(INPUT) 



MISO 
(OUTPUT) 



jT 



MOSI 
(INPUT) 



h® -HKD 



MSB OUT 



■KzH 



r® -*lr<3) 



>: 



*® 



BIT6----1 

-V 



<3>* 



SLAVE LSB OUT 



NOTE Not defined but normally MSB of character just received 

c) SPI SLAVE TIMING (CPHA = 0) 



X NOTE ] b- 



] l MSB IN ^ BIT6-~1~^ ^ LSB IN 



55 

(INPUT) 



SCK (CPOL-0) 
(INPUT) 



SCK (CPOL-1) 
(INPUT) 



-d>- 



MISO 
(OUTPUT) 



— ^r^^ 



K5> 



MOSI 
(INPUT) 



MSB OUT 



-® 



BIT6----1 



h® 



-® -HI-® 



(9>* 



SLAVE LSB OUT 



^ MSB IN ^ ^ BIT6--~T"^ ^ LSB IN 



NOTE: Not defined but normally LSB of character previously transmitted 

d) SPI SLAVE TIMING (CPHA = 1) 



Figure 27. SPI Timing Diagrams (Sheet 2 of 2) 
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Internal 
Address 
Bus* 



o 

O) 
00 

X 

CO 

o 
o 
cn 
O 





< tRL *■ 






r *** - 


/ 



'0SC1 line is not meant to represent frequency It is only used to represent time 

' The next rising edge of the internal processor clock following the rising edge of RESET initiates the reset sequence 



Figure 28. Power-On Reset and RESET 
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ORDERING INFORMATION 

The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo- 
torola in the following media: 
MDOS®, disk file 
MS®-DOS/PC-DOS disk file (360K) 
EPROM(s) 2764, MCM68764, MCM68766, or EEPROM 
To initiate a ROM pattern for the MCU, it is necessary 
to first contact the local field service office, a sales person, 
or a Motorola representative. 

FLEXIBLE DISKS 

A flexible disk (MS-DOS/PC-DOS disk file), pro- 
grammed with the customer's program (positive logic 
sense for address and data), may be submitted for pattern 
generation. The diskette should be clearly labeled with 
the customer's name, data, project or product name, and 
the name of the file containing the pattern. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 

MS-DOS/PC-DOS Disk File 

MS-DOS is Microsoft's Disk Operating System. PC-DOS 
is the IBM® Personal Computer (PC) Disk Operating Sys- 
tem. Disk media submitted must be a standard density 
(360K) double-sided 5 1/4 inch compatible floppy diskette. 
The diskette must contain object file code in Motorola's 
S-record format. The S-record format is a character-based 
object file format generated by M6805 cross assemblers 
and linkers on IBM PC style machines. 

EPROMs 

A 2764, 68764, or 68766 type EPROM, programmed 
with the customer's program (positive logic sense for 
address and data), may be submitted for pattern gener- 
ation. Since all program and data space information will 
fit on one 2764, 68764, or 68766 EPROM device, the EPROM 
must be programmed as described in the following par- 
agraphs. 

Start the page zero, user ROM at EEPROM address 
$0020 through $004F. Start the user ROM at EEPROM 
address $0100 through $10EF with vectors from $1 FF4 to 
$1 FFF. All unused bytes, including the user's space, must 
be set to zero. For shipment to Motorola, EPROMs should 



be placed in a conductive IC carrier and packed securely. 
Styrofoam is not acceptable for shipment. 




xxx = Customer ID 

Verification Media 

All original pattern media (EPROMsorfloppy disks) are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked, and the verification form 
should be completed, signed, and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for the creation of the customer mask. To aid 
in the verification process, Motorola will program cus- 
tomer supplied blank EPROM(s) or DOS disks from the 
data file used to create the custom mask. 

ROM VERIFICATION UNITS (RVUs) 

Ten MCUs containing the customer's ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask, but are for the pur- 
pose of ROM verification only. For expediency, the MCUs 
are unmarked, packaged in ceramic, and tested with five 
volts at room temperature. These RVUs are free with the 
minimum order quantity, but are not production parts. 
RVUs are not backed or guaranteed by Motorola Quality 
Assurance. 

ORDERING INFORMATION 

The following table provides ordering information per- 
taining to the package type, temperature, and MC order 
numbers for the MC68HC05C4 device. 



Package Type 


Temperature 


MC Order Number 


Plastic 
(P Suffix) 


0°C to + 70°C 


MC68HSC05C4P 


PLCC 
(FN Suffix) 


0°C to + 70°C 


MC68HSC05C4FN 



MDOS is a trademark of Motorola Inc. 
MS is a trademark of Microsoft, Inc. 

IBM is a registered trademark of International Business Machines Corporation. 
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PIN ASSIGNMENTS 



40-PIN DUAL-IN-LINE PACKAGE 



40 ] V DD 
39 1 OSC1 
38 ] OSC2 
37 ] TCAP 
36 ]PD7 
] TCMP 
] PD5/SS 
] PD4/SCK 
] PD3/M0SI 
] PD2/MISO 
1PD1/TDO 
]PD0/RDI 
] PCO 
] PCI 
]PC2 
]PC3 
]PC4 
]PC5 
]PC6 
]PC7 



44-LEAD PLCC PACKAGE 



PA5C 7 
PA4C 
PA3C 
PA2C 
PA1 C 
PAOC 
PBOC 
PB1 C 
PB2[ 
PB3C 
PB4C 



i a. z zl 
nnnnnnnnnnn 

' 6 Q 40 



12 



17 



1 8 23 28 

uuuuuuuuuuu 

O if> <o rv <rt u r~ to lo m 

7 CD CD CD ^zUUUUU 

'aia.s Q.ii.iin. 



39 3 PD7 
3 TCMP_ 
3 PD5/SS 
3 PD4/SCK 
3PD3/MOSI 

34 3 PD2/MIS0 
3 PD1/TD0 
3PD0/RDI 
DPCO 

3 pci 

29 3 PC2 



NOTE: Bulk substrate tied to Vss- 
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Technical Summary 

8-Bit Microcontroller Unit 

The MC68HSC05C8 (HCMOS) microcontroller unit (MCU) is a member of the M68HC05 Family of 
microcontrollers. This high-performance, low-power MCU has parallel I/O capability with pins pro- 
grammable as input or output. This publication contains condensed information on the MCU; for 
more detailed information, contact your local Motorola sales office. 

The following block diagram depicts the hardware features; additional features available on the 
MCU are as follows: 

• On-Chip Oscillator with RC or Crystal/Ceramic Resonator Mask Options 

• Memory-Mapped I/O 

• 176 Bytes of On-Chip RAM 

• 7740 Bytes of User ROM 

• 24 Bidirectional I/O Lines and 7 Input-Only Lines 

• Serial Communications Interface (SCI) System 

• Serial Peripheral Interface (SPI) System 

• Self-Check Mode 

• Power-Saving STOP, WAIT, and Data Retention Modes 

• Single 3.0- to 5.5-Volt Supply (2-Volt Data Retention Mode) 

• Fully Static Operation 

• 8x8 Unsigned Multiply Instruction 



BLOCK DIAGRAM 



Timer 
System 
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PA1 






PA2 " 






PA3 


Port 


Data 


PA4 


A 


□ ir 
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SIGNAL DESCRIPTION 

The signal descriptions of the MCU are discussed in 
the following paragraphs. 

V DD AND Vss 

Power is supplied to the microcontroller using these 
two pins. Vqd is tne positive supply, and Vss is ground. 

IRQ 

This pin is a programmable option that provides two 
different choices of interrupt triggering sensitivity. Refer 
to INTERRUPTS for more detail. 

OSC1, OSC2 

These pins provide control input for an on-chip clock 
oscillator circuit. A crystal, a ceramic resonator, a resistor/ 
capacitor combination, or an external signal connects to 
these pins providing a system clock. A mask option se- 
lects either a crystal/ceramic resonator or a resistor/ca- 
pacitor as the frequency determining element. The 
oscillator frequency is two times the internal bus rate. 

Crystal 
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RC Oscillator 

With this option, a resistor is connected to the oscillator 
pins as shown in Figure 1(d). The relationship between 
R and f osc is shown in Figure 2. 

Crystal 

The circuit shown in Figure 1(b) is recommended when 
using a crystal. Using an external CMOS oscillator is rec- 
ommended when crystals outside the specified ranges 
are to be used. The crystal and components should be 
mounted as close as possible to the input pins to mini- 
mize output distortion and start-up stabilization time. Re- 
fer to ELECTRICAL SPECIFICATIONS for Vqd 
specifications. 

Ceramic Resonator 

A ceramic resonator may be used in place of the crystal 
in cost-sensitive applications. The circuit in Figure 1(b) is 
recommended when using a ceramic resonator. Figure 
1(a) lists the recommended capacitance and resistance 
values. The manufacturer of the resonator considered 
should be consulted for specific information on resonator 
operation. 

Ceramic Resonator 
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(a) Crystal/Ceramic Resonator Parameters 
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(b) Crystal/Ceramic Resonator 
Oscillator Connections 



(c) Equivalent Crystal Circuit 
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(d) RC Oscillator Connections 



(e) External Clock Source Connections 
(For Crystal Mask Option Only) 



Figure 1. Oscillator Connections 
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External Clock 

An external clock should be applied to the OSC1 input 
with the OSC2 input not connected, as shown in Figure 
1(e). This option may only be used with the crystal os- 
cillator mask option. 

INPUT CAPTURE (TCAP) 

This pin controls the input capture feature for the on- 
chip programmable timer. 

OUTPUT COMPARE (TCMP) 

This pin provides an output for the output compare 
feature of the on-chip timer. 



RESET 

This pin is used to reset the MC U and p rovide an or- 
derly start-up procedure by pulling RESET low. 

INPUT/OUTPUT PORTS (PA0-PA7, PB0-PB7, PC0-PC7) 

These 24 lines are arranged into three 8-bit ports (A, 
B, and C). These ports are programmable as either inputs 
or outputs under software control of the data direction 
registers. Refer to PROGRAMMING for additional infor- 
mation. 

FIXED INPUT PORT (PD0-PD5, PD7) 

These seven lines comprise port D, a fixed input port. 
All special functions that are enabled (SPI, SCI) affect this 
port. Refer to PROGRAMMING for additional information. 



PROGRAMMING 

Input/output port programming, fixed input port pro- 
gramming, and serial port programming are discussed 
in the following paragraphs. 

INPUT/OUTPUT PORT PROGRAMMING 

Any port pin is programmable as either an input or an 
output under software control of the corresponding data 



direction register (DDR). Each port bit can be selected as 
output or input by writing the corresponding bit in the 
port DDR to a logic one for output and logic zero for input. 
On reset, all DDRs are initialized to logic zero to put the 
ports in the input mode. The port output registers are not 
initialized on reset but may be written to before setting 
the DDR bits to avoid undefined levels. 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Refer to 
Figure 3 for typical port circuitry and to Table 1 for a list 
of the I/O pin functions. 

Table 1. I/O Pin Functions 



R/W* 


DDR 


I/O Pin Functions 


0 


0 


The I/O pin is in input mode. Data is 
written into the output data latch. 


0 


1 


Data is written into the output data latch 
and output to the I/O pin 


1 


0 


The state of the I/O pin is read. 


1 


1 


The I/O pin is in an output mode. The 
output data latch is read. 



*R/W is an internal signal. 

FIXED INPUT PORT PROGRAMMING 

Port D is a fixed input port (PD0-PD5, PD7) that monitors 
the external pins whenever the SCI or SPI is disabled. 
After reset, all seven bits become valid inputs because 
all special function drivers are disabled. For example, 
with the SCI enabled, PDO and PD1 inputs will read zero. 
With the SPI disabled, PD2 through PD5 will read the state 
of the pin at the time of the read operation. 

NOTE 

Any unused inputs and I/O ports should be tied to 
an appropriate logic level (e.g., either Vqd or ^SS)- 
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Figure 3. Typical Port I/O Circuit 



SERIAL PORT (SCI AND SPI) PROGRAMMING 

The SCI and SPI use the port D pins for their functions. 
The SCI requires two pins (PD0-PD1) for its receive data 
input (RDI) and transmit data output (TDO), respectively. 
The SPI function requires four of the pins (PD2-PD5) for 
its serial data input/output (MISO), serial data output/ 
input (MOSI), serial clock (SCK), and slave select (SS), 
respectively. 



MEMORY 

The MCU is capable of addressing 8192 bytes of mem- 
ory and I/O registers, as shown in Figure 4. The locations 
consist of user ROM, user RAM, self-check ROM, control 
registers, and I/O. The user-defined reset and interrupt 
vectors are located from $1FF4 to $1 FFF. 

The shared stack area is used during processing of an 
interrupt or subroutine call to save the CPU state. The 
stack pointer decrements during pushes and increments 
during pulls. Refer to INTERRUPTS for additional infor- 
mation. 

NOTE 

Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. 



REGISTERS 

The MCU contains the registers described in the fol- 
lowing paragraphs. 

ACCUMULATOR (A) 

The accumulator is a general-purpose 8-bit register used 
to hold operands and results of arithmetic calculations 
or data manipulations. 

7 0 



INDEX REGISTER (X) 

The index register is an 8-bit register used for the in- 
dexed addressing mode. It contains an 8-bit value that 



may be added to an 8- or 16-bit immediate value to create 
an effective address. The index register may also be used 
as a temporary storage area. 

7 0 



PROGRAM COUNTER (PC) 

The program counter is a 13-bit register that contains 
the address of the next byte to be fetched. 

12 0 



PC 



STACK POINTER (SP) 

The stack pointer is a 13-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is setto location $00FF. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

When accessing memory, the seven most significant 
bits are permanently set to 000001 1. These seven bits are 
appended to the six least significant register bits to pro- 
duce an address within the range of $00FF to $00C0. 
Subroutines and interrupts may use up to 64 (decimal) 
locations. If 64 locations are exceeded, the stack pointer 
wraps around and loses the previously stored informa- 
tion. A subroutine call occupies two locations on the stack; 
an interrupt uses five locations. 



12 
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CONDITION CODE REGISTER (CCR) 

The CCR is a 5-bit register in which four bits are used 
to indicate the results of the instruction just executed. 
These bits can be individually tested by a program, and 
specific actions can be taken as a result of their state. 
Each bit is explained in the following paragraphs. 
CCR 
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1 


N 


Z 


C 
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$0000 



$001 F 
$0020 



$0O4F 
$0050 



$00BF 
$00C0 



$00FF 
$0100 



$1 EFF 
$1F00 



$1FDF 
$1FE0 



S1FEF 
$1FF0 



$1FF3 
$1FF4 



I/O 
32 Bytes 



User 
ROM 
48 Bytes 



RAM 
176 Bytes 



Stack 
64 Bytes 



User 
ROM 
7680 Bytes 



Self-Check 
Vectors 



Unused 
4 Bytes 



User 
Vectors 
12 Bytes 



0031 
^0032 

\ 

\ 

0079 
0080 
\ 

\ 

\ 

\ 

0191 * 
0192 

\ 

0255 
0256 



7935 
7936 



8175 
8176 



8179 
8180 



256 Bytes 



Ports 
7 Bytes 



Unused 
3 Bytes 



Serial Peripheral 
Interface 
3 Bytes 



Serial 
Communications 
Interface 
5 Bytes 



Timer 
10 Bytes 



Unused 
4 Bytes 





$00 


Port B Data Register 


$01 


Port C Data Register 


$02 






Port A Dstd Direction Register 


$04 


Port B Dsts Direction Register 


$05 


Port C Data^rectjon Register 


$06 




$07 


77~Z 

Unused 


$06 


Unused 




Serial Peripheral Control Register 




Serial Peripheral Status Register 




Serial Peripheral Data I/O Register 




Serial Communications Baud Rate Register 


$0D 


Serial Communications Control Register 1 


$0E 




$0F 


Serial Communications Status Register 


$10 


Serial Communications Data Register 


$1 1 


Timer Control Register 


$12 


Timer Status Register 


$13 


Input Capture High Register 






$15 


Output Compare High Register 


$16 




$17 


Counter High Register 


$18 


Counter Low Register 


$19 


Alternate Counter High Register 


$1A 


Alternate Counter Low Register 


$1B 


Unused 


$1C 


Unused 


$1D 


Unused 


$1E 


Unused 


$1F 



Figure 4. Memory Map 



Half Carry (H) 

This bit is set during ADD and ADC operations to in- 
dicate that a carry occurred between bits 3 and 4. 

Interrupt (I) 

When this bit is set, the timer and external interrupt is 
masked (disabled). If an interrupt occurs while this bit is 
set, the interrupt is latched and processed as soon as the 
interrupt bit is cleared. 

Negative (N) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative 
(bit 7 in the result is a logic one). 

Zero (Z) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 



Carry/Borrow (C) 

When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during 
bit test and branch instructions and during shifts and 
rotates. 



SELF-CHECK 

The self-check capability provides the ability to deter- 
mine if the device is functional. Self-check is performed 
using the circuit shown in Figure 5. Port C pins PC0-PC3 
are monitored for the self-check results. After reset, the 
following seven tests are performed automatically: 
I/O — Exercise of ports A, B, and C 
RAM — Counter test for each RAM byte 
ROM — Exclusive OR with odd ones parity result 
Timer — Tracks counter register and checks OCFflag 
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-+5V 



NOTE The RC Oscillator Option may also be used in this circuit 

Figure 5. Self-Check Circuit Schematic Diagram 



Interrupts — Tests external, timer, SCI and SPI in- 
terrupts 

SCI — Transmission test; checks RDRF, TORE, TC, 
and FE flags 

SPI — Transmission test; checks SPIF, WCOL, and 
MODF flags 

Self-check results (using the LEDs as monitors) are 
shown in Table 2. The following subroutines are available 
to the user and do not require any external hardware. 

TIMER TEST SUBROUTINE 

This subroutine returns with the Z bit cleared if any 
error is detected; otherwise, the Z bit is set. The timer 
test subroutine is called at location $1FOE. The output 
compare register is first set to the current timer state. 
Because the timer is free running and has only a divide- 
by-four prescaler, each timer count cannot be tested. The 
test reads the timer once every 10 counts (40 cycles) and 
checks for correct counting. The test tracks the counter 
until the timer wraps around, triggering the output com- 
pare flag in the timer status register. RAM locations $0050 
and $0051 are overwritten. Upon return to the user's pro- 
gram, X = 40. If the test passed, A = 0. 



Table 2. Self-Check Results 



PC3 


PC2 


PC1 


PC0 


Remarks 




0 


0 


1 


Bad I/O 




0 


1 


0 


Bad RAM 




0 


1 


1 


Bad Timer 




1 


0 


0 


Bad SCI 




1 


0 


1 


Bad ROM 




1 


1 


0 


Bad SPI 




1 


1 


1 


Bad Interrupts or IRQ Request 


Flashing 


Good Device 


All Others 


Bad Device, Bad Port C, etc. 



0 indicates LED is on; 1 indicates LED is off. 



ROM CHECKSUM SUBROUTINE 

This subroutine returns with the Z bit cleared if any 
error is detected; otherwise, the Z bit is set. The ROM 
checksum subroutine is called at location $1F93 with RAM 
location $0053 equal to $01 and A = 0. A short routine is 
set up and executed in RAM to compute a checksum of 
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the entire ROM pattern. RAM locations $0050 through 
$0053 are overwritten. Upon return to the user's program, 
X = 0. If the test passed, A = 0. 

RESETS 

The MCU can be reset two ways: b y initi al pow er-up 
and by the external reset input (RESET). The RESET in put 
cons ists mainly of a Schmitt trigger that senses the RE- 
SET line logic level. 

POWER-ON RESET (POR) 

An internal reset is generated on power-up to allow 
the internal clock generator to stabilize. The power-on 
reset is strictly for power turn-on conditions and should 
not be used to detect a drop in the power supply voltage. 
There is a 4064 internal processor clock cyc le (tcyc ) delay 
after the oscillator becomes active. If the RESET pin is 
low at the end of 40 64 tcyc , the MCU will remain in the 
reset condition until RESET goes high. 

EXTERNAL RESET INPUT 

The MCU is reset when a logic zero is applied to the 
RESET input for a period of one and one-half machine 
cycles (t cyc ). 

INTERRUPTS 

The MCU can be interrupted five diffe rent ways: the 
four maskable hardware interrupts (IRQ, SPI, SCI, and 
timer) and the nonmaskable software interrupt instruc- 
tion (SWI). 

Interrupts cause the processor to save register contents 
on the stack and to set the interrupt mask (I bit) to prevent 
additional interrupts. The RTI instruction causes the reg- 
ister contents to be recovered from the stack and normal 
processing to resume. The stacking order is shown in 
Figure 6. 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted but are con- 
sidered pending until the current instruction is complete. 

NOTE 

The current instruction is the one already fetched 
and being operated on. 

When the current instruction is complete, the processor 
checks all pending hardware interrupts. If unmasked (I 



bit clear) and if the corresponding interrupt enable bit is 
set, the processor proceeds with interrupt processing; 
otherwise, the next instruction is fetched and executed. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex- 
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction, regardless of the 1-bit state. 
Refer to Figure 7 for the reset and interrupt instruction 
processing sequence. 

TIMER INTERRUPT 

There are three different timer interrupt flags that cause 
a timer interrupt whenever they are set and enabled. The 
interrupt flags are in the timer status register (TSR), and 
the enable bits are in the timer control register (TCR). 
Refer to TIMER for more information. 

EXTERNAL INTERRUPT 

If the interrupt mask bit (I bit) of the CCR is set, all 
interrupts are disabled. Clearing the I bit enables the ex- 
ternal interrupt. The external interrupt is internally syn- 
chronized and then latched on the falling edge of IRQ. 
The action of the external interrupt is identical to the timer 
interrup t wi th the exception that the interrupt request 
input at IRQ is latched internally and the service routine 
address is specified by the contents of $1 FFA and $1 FFB. 

Either a level-sensitive and edge-sensitive trigger, or 
an edge-sensitive-only trigger are available as a mask 
option. Figure 8 shows both a functional internal diagram 
and a mode timing diagram for the interrupt line. The 
timing diagram shows two treatments of the interrupt 
line to the processor. The first method shows a single 
pulse on the interrupt line spaced far enough apart to be 
serviced. The minimum time between pulses is a function 
of the length of the interrupt service. Once a pulse occurs, 
the next pulse should not occur until an RTI occurs. This 
time (t||_ll_) is obtained by adding 21 instruction cycles to 
the total number of cycles it takes to complete the service 
routine (not including the RTI instruction). The second 
method shows many interrupt lines "wire-ORed" to form 
the interrupts at the processor. If the interrupt line re- 
mains low after servicing an interrupt, then the next in- 
terrupt is recognized. 

NOTE 

The internal interrupt latch is cleared in the first part 
of the interrupt service routine; therefore, one ex- 
ternal interrupt pulse could be latched and serviced 
as soon as the I bit is cleared. 
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Figure 6. Interrupt Stacking Order 
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Figure 7. Reset and Interrupt Processing Flowchart 
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(a) Interrupt Internal Function Diagram 
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Edge-Sensitive Trigger Condition 

The minimum pulse width (t||jH> IS either 
125 ns ( Vqd = 5 V) or 250 ns ( Vqd = 3 V). 
The penod t||jL should not be less than 
the number of tcyc cycles it takes to ex- 
ecute the interrupt service routine plus 21 
tcy C cycles 

Lavat-Santrdva Trigger Condition 
If after servicing an interrupt the Tr5 re- 
mains low, then the next interrupt is 
recognized. 



Normally 
Used with 
Wire-ORed 
Connection 



(b) Interrupt Mode Diagram 



Figure 8. External Interrupt 



SOFTWARE INTERRUPT (SWI) 

The SWI is an executable instruction that is executed 
regardless of the state of the I bit in the CCR. If the I bit 
is zero, SWI executes after the other interrupts. The SWI 
operation is similar to the hardware interrupts. The in- 
terrupt service routine address is specified by the con- 
tents of memory locations $1FFC and $1FFD. 

SCI INTERRUPTS 

An interrupt in the SCI occurs when one of the interrupt 
flag bits in the serial communications status register is 
set, provided the I bit in the CCR is clear and the enable 
bit in the serial communications control register 2 is set. 
Software in the serial interrupt service routine must de- 
termine the cause and priority of the SCI interrupt by 
examining the interrupt flags and status bits in the SCI 
status register. 



SPI INTERRUPTS 

An interrupt in the SPI occurs when one of the interrupt 
flag bits in the serial peripheral status register is set, 
provided the I bit in the CCR is clear and the enable bit 
in the serial peripheral control register is set. Software 
in the serial peripheral interrupt service routine must de- 
termine the cause and priority of the SPI interrupt by 
examining the interrupt flag bits in the SPI status register. 



LOW-POWER MODES 

STOP 

The STOP instruction places the MCU in its lowest power 
consumption mode. In the STOP mode, the internal os- 
cillator is turned off, halting all internal processing in- 
cluding timer, SCI, and SPI operation (refer to Figure 9). 
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SPI during Stop Mode 

When the MCU enters the STOP mode, the baud rate 
generator stops, terminating all master mode SPI oper- 
ations. If the STOP instruction is executed during an SPI 
transfer, that transfer halts until the MCU exits the STOP 
mode by a low signal on the IRQ pin. If reset is used to 
exit the STOP mode, then the SPI control and status bits 
are cleared, and the SPI is disabled. If the MCU is in the 
slave mode when the STOP instruction is executed, the 
slave SPI continues to operate and can still accept data 
and clock information in addition to transmitting its own 
data back to a master device. 

At the end of a possible transmission with a slave SPI 
in the STOP mode, no flags are set until a low on the IRQ 
pin wakes up the MCU. Caution should be observed when 
operating the SPI as a slave during the STOP mode be- 
cause the protective circuitry (WCOL, MODF, etc.) is in- 
active. 

WAIT 

The WAIT instruction places the MCU in a low-power 
consumption mode, but the WAIT mode consumes more 
power than the STOP mode. All CPU action is suspended, 
but the timer, SCI, and SPI remain active (refer to Figure 
10). An interrupt from the timer, SCI, or SPI can cause 
the MCU to exit the WAIT mode. 

During the WAIT mode, the I bit in the CCR is cleared 
to enable interrupts. All other registers, memory, and 
input/output lines remain in their previous state. The timer 
may be enabled to allow a periodic exit from the WAIT 
mode. 

DATA RETENTION MODE 

The contents of RAM and CPU registers are retained 
at supply voltages as low as 2.0 Vdc. This is called the 
data retention mode where the data is held, but the device 
is not guaranteed to operate. The MCU should be in RESET 
during data retention mode. 



Figure 9. STOP Function Flowchart 



During the STOP mode, the TCR bits are altered to 
remove any pending timer interrupt request and to dis- 
able any further timer interrupts. The timer prescaler is 
cleared. The I bit in the CCR is cleared to enable external 
interrupts. All other registers and memory remain unal- 
tered. All input/output lines remain unchanged. The pro- 
cessor can be brought out of the STOP mode only by an 
external interrupt or reset. 

SCI during STOP Mode 

When the MCU enters the STOP mode, the baud rate 
generator stops, halting all SCI activity. If the STOP in- 
struction is executed during a transm itter transfer, that 
transfer is halted. If a low input to the IRQ pin is used to 
exit STOP mode, the transfer resumes. If the SCI receiver 
is receiving data and the STOP mode is entered, received 
data sampling stops because the baud rate generator 
stops, and all subsequent data is lost. For these reasons, 
all SCI transfers should be in the idle state when the STOP 
instruction is executed. 



TIMER 

The timer consists of a 16-bit, software-programmable 
counter driven by a fixed divide-by-four prescaler. This 
timer can be used for many purposes, including input 
waveform measurements while simultaneously gener- 
ating an output waveform. Pulse widths can vary from 
several microseconds to many seconds. Refer to Figure 
11 for a timer block diagram. 

Because the timer has a 16-bit architecture, each spe- 
cific functional segment (capability) is represented by two 
registers. These registers contain the high and low byte 
of that functional segment. Generally, accessing the low 
byte of a specific timer function allows full control of that 
function; however, an access of the high byte inhibits 
that specific timer function until the low byte is also ac- 
cessed. 

NOTE 

The I bit in the CCR should be set while manipu- 
lating both the high and low byte register of a spe- 
cific timer function to ensure that an interrupt does 
not occur. 
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Figure 10. WAIT Function Flowchart 



COUNTER 

The key element in the programmable timer is a 16- 
bit, free-running counter or counter register, preceded by 
a prescaler that divides the internal processor clock by 
four, The prescaler gives the timer a resolution of 2.0 
microseconds if the internal bus clock is 2.0 MHz. The 
counter is incremented during the low portion of the in- 
ternal bus clock. Software can read the counter at any 
time without affecting its value. 

The double-byte, free-running counter can be read from 
either of two locations, $18— $19 (counter register) or 
$1A-$1B (counter alternate register). A read from only 
the least significant byte (LSB) of thefree-runnmg counter 
($1 9, $1 B) receives the count value at the time of the read. 
If a read of the free-running counter or counter alternate 
register first addresses the most significant byte (MSB) 
($18, $1A), the LSB ($19, $1B) is transferred to a buffer. 



This buffer value remains fixed after the first MSB read, 
even if the user reads the MSB several times. This buffer 
is accessed when reading the free-running counter or 
counter alternate register LSB ($19 or $1B) and, thus, 
completes a read sequence of the total counter value. In 
reading either the free-running counter or counter alter- 
nate register, if the MSB is read, the LSB must also be 
read to complete the sequence. 

The counter alternate register differs from the counter 
register in one respect: a read of the counter register MSB 
can clear the timer overflow flag (TOF). Therefore, the 
counter alternate register can be read at any time without 
the possibility of missing timer overflow interrupts due 
to clearing of the TOF. 

The free-running counter is configured to $FFFC during 
reset and is always a read-only register. During a power- 
on reset, the counter is also preset to $FFFC and begins 
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Figure 11. Timer Block Diagram 



running after the oscillator start-up delay. Because the 
free-running counter is 1 6 bits preceded by a fixed divide- 
by-four prescaler, the value in the free-running counter 
repeats every 262,144 internal bus clock cycles. When the 
counter rolls over from $FFFF to $0000, the TOF bit is set. 
An interrupt can also be enabled when counter rollover 
occurs by setting its interrupt enable bit (TOIE). 

OUTPUT COMPARE REGISTER 

The 16-bit output compare register is made up of two 
8-bit registers at locations $16 (MSB) and $17 (LSB). The 
output compare register is used for several purposes, 
such as indicating when a period of time has elapsed. All 
bits are readable and writable and are not altered by the 
timer hardware or reset. If the compare function is not 
needed, the two bytes of the output compare register can 
be used as storage locations. 

The output compare register contents are compared 
with the contents of the free-running counter continually, 
and if a match is found, the corresponding output com- 
pare flag (OCF) bit is set and the corresponding output 



level (OLCL) bit is clocked to an output level register. The 
output compare register values and the output level bit 
should be changed after each successful comparison to 
establish a new elapsed timeout. An interrupt can also 
accompany a successful output compare provided the 
corresponding interrupt enable bit (OCIE) is set. 

After a processor write cycle to the output compare 
register containing the MSB ($16), the output compare 
function is inhibited until the LSB ($17) is also written. 
The user must write both bytes (locations) if the MSB is 
written first. A write made only to the LSB ($17) will not 
inhibit the compare function. The free-running counter is 
updated every four internal bus clock cycles. The mini- 
mum time required to update the output compare reg- 
ister is a function of the program rather than the internal 
hardware. 

The processor can write to either byte of the output 
compare register without affecting the other byte. The 
output level (OLVL) bit is clocked to the output level reg- 
ister regardless of whether the output compare flag (OCF) 
is set or clear. 
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INPUT CAPTURE REGISTER 

Two 8-bit registers, which make up the 16-bit input 
capture register, are read-only and are used to latch the 
value of the free-running counter after the corresponding 
input capture edge detector senses a defined transition. 
The level transition which triggers the counter transfer is 
defined by the corresponding input edge bit (IEDG). Reset 
does not affect the contents of the input capture register. 

The result obtained by an input capture will be one 
more than the value of the free-running counter on the 
rising edge of the internal bus clock preceding the ex- 
ternal transition. This delay is required for internal syn- 
chronization. Resolution is one count of the free-running 
counter, which is four internal bus clock cycles. 

The free-running counter contents are transferred to 
the input capture register on each proper signal transition 
regardless of whether the input capture flag (ICF) is set 
or clear. The input capture register always contains the 
free-running counter value that corresponds to the most 
recent input capture. 

After a read of the input capture register ($14) MSB, 
the counter transfer is inhibited until the LSB ($1 5) is also 
read. This characteristic causes the time used in the input 
capture software routine and its interaction with the mam 
program to determine the minimum pulse period. 

A read of the input capture register LSB ($15) does not 
inhibit the free-running counter transfer since they occur 
on opposite edges of the internal bus clock. 

TIMER CONTROL REGISTER (TCR) $12 

The TCR is a read/write register containing five control 
bits. Three bits control interrupts associated with the timer 
status register flags ICF, OCF, and TOF. 
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ICIE — Input Capture Interrupt Enable 
1 = Interrupt enabled 

0 = Interrupt disabled 

OCIE — Output Compare Interrupt Enable 

1 = Interrupt enabled 

0 = Interrupt disabled 

TOIE — Timer Overflow Interrupt Enable 

1 = Interrupt enabled 

0 = Interrupt disabled 
IEDG — Input Edge 

Value of input edge determines which level transition 
on TCAP pin will trigger free-running counter transfer 
to the input capture register 

1 = Positive edge 

0 = Negative edge 

Reset does not affect the IEDG bit (U = unaffected). 
OLVL — Output Level 
Value of output level is clocked into output level reg- 
ister by the next successful output compare and will 
appear on the TCMP pin 

1 = High output 
0 = Low output 



Bits 2, 3, and 4 — Not used 
Always read zero 

TIMER STATUS REGISTER (TSR) $13 

The TSR is a read-only register containing three status 
flag bits. 
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ICF — Input Capture Flag 

1 = Flag set when selected polarity edge is sensed by 
input capture edge detector 

0 = Flag cleared when TSR and input capture low reg- 

ister ($15) are accessed 
OCF — Output Compare Flag 

1 =Flag set when output compare register contents 

match the free-running counter contents 

0 = Flag cleared when TSR and output compare low 

register ($17) are accessed 
TOF — Timer Overflow Flag 

1 = Flag set when free-running counter transition from 

$FFFF to $0000 occurs 
0 = Flag cleared when TSR and counter low register 
($19) are accessed 
Bits 0-4 — Not used 
Always read zero 

Accessing the timer status register satisfies the first 
condition required to clear status bits. The remaining step 
is to access the register corresponding to the status bit. 

A problem can occur when using the timer overflow 
function and reading the free-running counter at random 
times to measure an elapsed time. Without incorporating 
the proper precautions into software, the timer overflow 
flag could unintentionally be cleared if: 

1) The timer status register is read or written when 
TOF is set, and 

2) The LSB of the free-running counter is read but not 
for the purpose of servicing the flag. 

The counter alternate register at address $1A and $1B 
contains the same value as the free-running counter (at 
address $18 and $19); therefore, this alternate register 
can be read at any time without affecting the timer ov- 
erflow flag in the timer status register. 

TIMER DURING WAIT MODE 

The CPU clock halts during the WAIT mode, but the 
timer remains active. An interrupt from the timer causes 
the processor to exit the WAIT mode. 

TIMER DURING STOP MODE 

In the STOP mode, the timer stops counting and holds 
the last count value if STOP is exited by an interrupt. If 
RESET is used, the counter is forced to $FFFC. During 
STOP, if at least one valid input capture edge occurs at 
the TCAP pin, the input capture detect circuit is armed. 
This does not set any timer flags nor wake up the MCU, 
but when the MCU does wake up, there is an active input 
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capture flag and data from the first valid edge that oc- 
curred during the STOP mode. If RESET is used to exit 
STOP mode, then no input capture flag or data remains, 
even if a valid input capture edge occurred. 



SERIAL COMMUNICATIONS INTERFACE 

A full-duplex asynchronous SCI is provided with a 
standard NRZ format and a variety of baud rates. The SCI 
transmitter and receiver are functionally independent but 
use the same data format and baud rate. The terms baud 
and bit rate are used synonymously in the following de- 
scription. 

SCI TWO-WIRE SYSTEM FEATURES 

• Standard NRZ (mark/space) format 

• Advanced error detection method includes noise de- 
tection for noise duration of up to one-sixteenth bit 
time 

• Full-duplex operation (simultaneous transmit and re- 
ceive) 

• Software programmable for one of 32 different baud 
rates 

• Software-selectable word length (eight- or nine-bit 
words) 

• Separate transmitter and receiver enable bits 

• SCI may be interrupt driven 

• Four separate interrupt conditions 

SCI RECEIVER FEATURES 

• Receiver wake-up function (idle or address bit) 

• Idle line detect 

• Framing error detect 

• Noise detect 

• Overrun detect 

• Receiver data register full flag 

SCI TRANSMITTER FEATURES 

• Transmit data register empty flag 

• Transmit complete flag 

• Break send 

Any SCI two-wire system requires receive data in (RDI) 
and transmit data out (TDO). 

DATA FORMAT 

Receive data in (RDI) or transmit data out (TDO) is the 
serial data presented between the internal data bus and 



the output pin (TDO) and between the input pin (RDI) and 
the internal data bus. Data format is as shown for the 
NRZ in Figure 12. 

WAKE-UP FEATURE 

In a typical multiprocessor configuration, the software 
protocol will usually identify the addressee(s) at the be- 
ginning of the message. To permit uninterested MPUs to 
ignore the remainder of the message, a wake-up feature 
is included, whereby all further SCI receiver flag (and 
interrupt) processing can be inhibited until its data line 
returns to the idle state. An SCI receiver is re-enabled by 
an idle string of at least ten (or eleven) consecutive ones. 
Software for the transmitter must provide for the required 
idle string between consecutive messages and prevent 
it from occurring within messages. 

A second wake-up method is available in which sleep- 
ing SCI receivers can be awakened by a logic one in the 
high-order bit of a received character. 

RECEIVE DATA IN 

Receive data in (RDI) is the serial data which is pre- 
sented from the input pin via the SCI to the receive data 
register (RDR). While waiting for a start bit, the receiver 
samples the input at a rate 16 times higher than the set 
baud rate. This increased rate is referred to as the RT 
rate. When the input (idle) line is detected low, it is tested 
for three more sample times. If at least two of these three 
samples detect a logic low, a valid start bit is assumed 
to be detected. If in two or more samples, a logic high is 
detected, the line is assumed to be idle. The receive clock 
generator is controlled by the baud rate register (see Fig- 
ure 13); however, the SCI is synchronized by the start bit 
independent of the transmitter. Once a valid start bit is 
detected, the start bit, each data bit, and the stop bit are 
each sampled three times. The value of the bit is deter- 
mined by voting logic, which takes the value of a majority 
of samples. A noise flag is set when all three samples on 
a valid start bit, data bit, or stop bit do not agree. A noise 
flag is also set when the start verification samples do not 
agree. 

START BIT DETECTION FOLLOWING A FRAMING ERROR 

If there has been a framing error (FE) without detection 
of a break (10 zeros for 8-bit format or 11 zeros for a 9- 
bit format), the circuit continues to operate as if there 
actually were a stop bit, and the start edge will be placed 
artificially. The last bit received in the data shift register 
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Figure 12. Data Format 
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is inverted to a logic one, and the three logic-one start 
qualifiers are forced into the sample shift register during 
the interval when detection of a start bit is anticipated; 
therefore, the start bit will be accepted no sooner than it 
is anticipated. 

If the receiver detects that a break (RDRF = 1, FE = 1, 
receiver data register = $00) produced the framing error, 
the start bit will not be artificially induced, and the re- 
ceiver must actually receive a logic one before start. 

TRANSMIT DATA OUT 

Transmit data out (TDO) is the serial data presented 
from the transmit data register (TDR) via the SCI to the 
output pin. The transmitter generates a bit time by using 
a derivative of the RT clock, producing a transmission 
rate equal to one-sixteenth that of the receiver sample 
clock. 

FUNCTIONAL DESCRIPTION 

A block diagram of the SCI is shown in Figure 13. The 
user has option bits in the serial communications control 
register 1 (SCCR1 ) to determine the SCI wake-up method 
and data word length. Serial communications control 
register 2 (SCCR2) provides control bits that individually 
enable/disable the transmitter or receiver, enable system 
interrupts, and provide wake-up enable, and send break 
code bits. The baud rate register bits allow the user to 
select different baud rates, which are used as the rate 
control for the transmitter and receiver. 

Data transmission is initiated by a write to the serial 
communications data register (SCDAT). Provided the 
transmitter is enabled, data stored in the SCDAT is trans- 
ferred to the transmit data shift register. This data transfer 
sets the SCI status register (SCSR) transmit data register 
empty (TDRE) bit and generates an interrupt if the trans- 
mit interrupt is enabled. Data transfer to the transmit data 
shift register is synchronized with the bit rate clock. All 
data is transmitted LSB first. Upon completion of data 
transmission, the transmission complete (TC) bit is set 
(provided no pending data, preamble, or break code is 
sent), and an interrupt is generated if the transmit com- 
plete interrupt is enabled. If the transmitter is disabled, 
and the data, preamble, or break code has been sent, the 
TC bit will also be set, which will also generate an inter- 
rupt if the TCIE bit is set. If the transmitter is disabled in 
the middle of a transmission, that character will be com- 
pleted before the transmitter gives up control of the TDO 
pin. 

When the SCDAT is read, it contains the last data byte 
received, provided that the receiver is enabled. The SCSR 
receive data register full (RDRF) bit is set to indicate that 
a data byte is transferred from the input serial shift reg- 
ister to the SCDAT, which can cause an interrupt if the 
receiver interrupt is enabled. Data transfer from the input 
serial shift register to the SCDAT is synchronized by the 
receiver bit rate clock. The SCSR overrun (OR), noise flag 
(NF), or FE bits are set if data reception errors occur. 

An idle line interrupt is generated if the idle line inter- 
rupt is enabled and the SCSR IDLE bit (which detects idle 
line transmission) is set. This allows a receiver that is not 
in the wake-up mode to detect the end of a message, the 
preamble of a new message, or to resynchronize with 
the transmitter. A valid character must be received before 



the idle line condition for the IDLE bit to be set and for 
an idle line interrupt to be generated. 

REGISTERS 

There are five registers used in the SCI; the internal 
configuration of these registers is discussed in the fol- 
lowing paragraphs. 

Serial Communications Data Register (SCDAT) $11 

The SCDAT is a read/write register used to receive and 
transmit SCI data. 
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RESET: 

uuuuuuuu 

As shown in Figure 13, SCDAT functions as two sep- 
arate registers. The transmit data register (TDR) provides 
the parallel interface from the internal data bus to the 
transmit shift register. The receive data register (RDR) 
provides the interface from the receive shift register to 
the internal data bus. 

Serial Communications Control Register 1 (SCCR1) $OE 

The SCCR1 provides control bits that determine word 
length and select the wake-up method. 
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R8 — Receive Data Bit 8 

R8 bit provides storage location for the ninth bit in the 

receive data byte (if M = 1). 
T8 — Transmit Data Bit 8 

T8 bit provides storage location for the ninth bit in the 

transmit data byte (if M = 1). 
M — SCI Character Word Length 

1 =one start bit, nine data bits, one stop bit 

0 = one start bit, eight data bits, one stop bit 
WAKE — Wake-Up Select 

Wake bit selects the receiver wake-up method. 

1 = Address bit (most significant bit) 
0= Idle line condition 

Bits 0-2, and 5 — Not used 
Can read either one or zero 

The address bit is dependent on both the wake-bit and 
the M-bit level. Additionally, the receiver does not use 
the wake-up feature unless the RWU control bit in SCCR2 
is set. 
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Detection of an idle line allows the next data 
byte received to cause the receive data reg- 
ister to fill and produce an RDRF flag. 
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0 


Detection of a received one in the eighth 
data bit allows an RDRF flag and associated 
error flags. 


1 


1 


Detection of a received one in the ninth data 
bit allows an RDRF flag and associated error 
flags. 
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Figure 13. SCi Block Diagram 



Serial Communications Control Register 2 (SCCR2) $OF 

The SCCR2 provides control of individual SCI functions 
such as interrupts, transmit/receive enabling, receiver 
wake-up, and break code. 

7 6 5 4 3 2 1 0 



TIE TCIE RIE ILIE TE RE RWU SBK 



RESET. 

0 0 0 0 0 0 0 0 



TIE — Transmit Interrupt Enable 
1 = SCI interrupt enabled 

0 = TDRE interrupt disabled 

TCIE — Transmit Complete Interrupt Enable 

1 = SCI interrupt enabled 

0 = TC interrupt disabled 
RIE — Receive Interrupt Enable 

1 =SCI interrupt enabled 

0 = RDRF and OR interrupts disabled 
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ILIE — Idle Line Interrut Enable 
1 = SCI interrupt enabled 

0 = Idle interrupt disabled 
TE — Transmit Enable 

1 = Transmit shift register output is applied to the TDO 

line. Depending upon the SCCR1 M bit, a pream- 
ble of 10 (M = 0) or 11 (M = 1) consecutive ones is 
transmitted. 

0 = Transmitter disabled after last byte is loaded in 

the SCDAT and TDRE is set. After last byte is 
transmitted, TDO line becomes a high-impedance 
line. 

RE — Receive Enable 

1 = Receiver shift register input is applied to the RDI 

line. 

0 = Receiver disabled and RDRF, IDLE, OR, NF, and 

FE status bits are inhibited. 
RWU — Receiver Wake-Up 

1 = Places receiver in sleep mode and enables wake- 

up function 

0 = Wake-up function disabled after receiving data 

word with MSB set (if WAKE = 1 ) 
Wake-up function also disabled after receiving 10 
(M = 0) or 1 1 (M = 1 ) consecutive ones (if WAKE = 0) 
SBK — Send Break 

1 = Transmitter continually sends blocks of zeros (sets 

of 10 or 11) until cleared. Upon completion of 
break code, transmitter sends one high bit for rec- 
ognition of valid start bit. 
0 = Transmitter sends 10 (M = 0) or 11 (M = 1) zeros 
then reverts to an idle state or continues sending 
data. If transmitter is empty and idle, setting and 
clearing the SBK bit may queue up to two char- 
acter times of break because the first break trans- 
fers immediately to the shift register, and the 
second is queued into the parallel transmit buffer. 

Serial Communications Status Register (SCSR) $10 

The SCSR provides inputs to the SCI interrupt logic 
circuits. Noise flag and framing error bits are also con- 
tained in the SCSR. 
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TDRE — Transmit Data Register (TDR) Empty 

1 = TDR contents transferred to the transmit data shift 
register 

0 = TDR still contains data. TDRE is cleared by reading 

the SCSR (with TDRE = 1), followed by a write to 
the TDR. 
TC — Transmit Complete 

1 = Indicates end of data frame, preamble, or break 

condition has occurred 

0 = TC bit cleared by reading the SCSR (with TC = 1), 

followed by a write to the TDR 
RDRF — Receive Data Register (RDR) Full 

1 = Receive data shift register contents transferred to 

the RDR 



0 = Receive data shift register trar c er did not occur. 

RDRF is cleared by reading the SCSR (with 
RDRF = 1 ) followed by a read of the RDR 
IDLE — Idle Line Detect 

1 = Indicates receiver has detected an idle line 

0 = IDLE is cleared by reading the SCSR (with IDLE = 1 ), 

followed by a read of the RDR. Once IDLE is 
cleared, IDLE cannot be set until RDI line becomes 
active and idle again. 
OR — Overrun Error 

1 = Indicates receive data shift register data is sent to 

a full RDR (RDRF = 1). Data causing the overrun 
is lost, and RDR data is not disturbed. 

0 = OR is cleared by reading the SCSR (with OR = 1), 

followed by a read of the RDR. 
NF — Noise Flag 

1 = Indicates noise is present on the receive bits, in- 

cluding the start and stop bits. NF is not set until 
RDRF = 1. 

0 = NF is cleared by reading the SCSR (with NF = 1), 
followed by a read of the RDR. 
FE — Framing Error 

1= Indicates stop bit not detected in received data 
character. FE is set the same time RDRF is set. If 
received byte causes both framing and overrun 
errors, processor will only recognize the overrun 
error. Further data transfer into the RDR is inhib- 
ited until FE is cleared. 
0 = NF is cleared by reading the SCSR (with FE = 1), 
followed by a read of the RDR. 
Bit 0 — Not used 
Can read either one or zero 

Baud Rate Register $0D 

The baud rate register is used to select the SCI trans- 
mitter and receiver baud rate. SCP0 and SCP1 prescaler 
bits are used in conjunction with the SCR0 through SCR2 
baud rate bits to provide multiple baud rate combinations 
for a given crystal frequency. Bits 3, 6, and 7 always read 
zero. 
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SCPO — SCI Prescaler Bit 0 

SCP1 — SCI Prescaler Bit 1 

Two prescaler bits are used to increase the range of 
standard baud rates controlled by the SCR0-SCR2 
bits. Prescaler internal processor clock division ver- 
sus bit levels are listed in Table 3. 

SCRO — SCI Baud Rate Bit 0 

SCR1 — SCI Baud Rate Bit 1 

SCR2 — SCI Baud Rate Bit 2 

Three baud rate bits are used to select the baud rates 
of the SCI transmitter and SCI receiver. Baud rates 
versus bit levels are listed in Table 4. 

Tables 3 and 4 tabulate the divide chain used to obtain 
the baud rate clock (transmit clock). The actual divider 
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Table 3. Prescaler Highest Baud Rate Frequency Output 



SCP Bit 


Clock* 
Divided 
By 


Crystal Frequency MHz 


1 


0 


8.0 


4.194304 


4.0 


2.4576 


2.0 


1.8432 


0 
0 

1 
1 


0 

1 

0 

1 


1 
3 
4 
13 


250.000 kHz 
83.332 kHz 
62.500 kHz 
19.200 kHz 


131.072 kHz 
43.691 kHz 
32.768 kHz 
10.082 kHz 


125.000 kHz 
41.666 kHz 
31.250 kHz 
9600 Hz 


76.80 kHz 
25.60 kHz 
19.20 kHz 
5.907 kHz 


62.50 kHz 
20.833 kHz 
15.625 kHz 
4800 Hz 


57.60 kHz 
19.20 kHz 
14.40 kHz 
4430 Hz 



'Refers to the internal processor clock. 



NOTE: The divided frequencies shown in Table 3 represent baud rates which are the highest transmit baud rate (Tx) that can be 
obtained by a specific crystal frequency and only using the prescaler division. Lower baud rates may be obtained by pro- 
viding a further division using the SCI rate select bits as shown below for some representative prescaler outputs. 



Table 4. Transmit Baud Rate Output for a Given Prescaler Output 



SCR Bits 


Divided 
By 


Representative Highest Prescaler Baud Rate Output 


2 


1 


0 


250.000 kHz 


131.072 kHz 


32.768 kHz 


76.80 kHz 


19.20 kHz 


9600 Hz 


0 


0 


0 


1 




131.072 kHz 


32.768 kHz 


76.80 kHz 


19.20 kHz 


9600 Hz 


0 


0 


1 


2 


125.000 kHz 


65.536 kHz 


16.384 kHz 


38.40 kHz 


9600 Hz 


4800 Hz 


0 


1 


0 


4 


62.500 kHz 


32.768 kHz 


8.192 kHz 


19.20 kHz 


4800 Hz 


2400 Hz 


0 


1 


1 


8 


31.250 kHz 


16.384 kHz 


4.096 kHz 


9600 Hz 


2400 Hz 


1200 Hz 


1 


0 


0 


16 


15.625 kHz 


8.192 kHz 


2.048 kHz 


4800 Hz 


1200 Hz 


600 Hz 


1 


0 


1 


32 


7.813 kHz 


4.096 kHz 


1.024 kHz 


2400 Hz 


600 Hz 


300 Hz 


1 


1 


0 


64 


3.906 kHz 


2.048 kHz 


512 Hz 


1200 Hz 


300 Hz 


150 Hz 


1 


1 


1 


128 


1.953 kHz 


1.024 kHz 


256 Hz 


600 Hz 


150 Hz 


75 Hz 



NOTE: Table 4 illustrates how the SCI select bits can be used to provide lower transmitter baud rates by further dividing the prescaler 
output frequency. The five examples are only representative samples. In all cases, the baud rates shown are transmit baud 
rates (transmit clock), and the receive clock is 16 times higher in frequency than the actual baud rate. 



chain is controlled by the combined SCP0-SCP1 and SCR0- 
SCR2 bits in the baud rate register. All divided frequen- 
cies shown in Table 3 represent the final baud rate re- 
sulting from the internal processor clock division shown 
in the divided-by column only (prescaler division only). 
Table 4 lists the prescaler output divided by the action 
of the SCI select bits (SCR0-SCR2). For example, assume 
that a 9600-Hz baud rate is required with a 2.4576-MHz 
external crystal. In this case, the prescaler bits (SCP0- 
SCP1 ) could be configured as a divide-by-one or a divide- 
by-four. If a divide-by-four prescaler is used, then the 
SCR0-SCR2 bits must be configured as a divide-by-two. 
Using the same crystal, the 9600 baud rate can be ob- 
tained with a prescaler divide-by-one and the SCR0-SCR2 
bits configured for a divide-by-eight. 

SERIAL PERIPHERAL INTERFACE 

The serial peripheral interface (SPI) is an interface built 
into the MCU which allows several MCUs or MCUs plus 
peripherals to be interconnected within the same black 
box. In the SPI format, the clock is not included in the 
data stream and must be furnished as a separate signal. 
An SPI system may consist of one master MCU and sev- 
eral slaves (Figure 14) or MCUs that can be either masters 
or slaves. 
Features: 

• Full-duplex, three-wire synchronous transfers 

• Master or slave operation 

• 2.0 MHz (maximum) master bit frequency 



• 4.0 MHz (maximum) slave bit frequency 

• Four programmable master bit rates 

• Programmable clock polarity and phase 

• End-of-transmission interrupt flag 

• Write collision flag protection 

• Master-master mode fault protection capability 

SIGNAL DESCRIPTION 

The four basic signals (MOSI, MISO, SCK, and SS) are 
described in the following paragraphs. Each signal func- 
tion is described for both master and slave mode. 

Master Out, Slave In 

The master out, slave in (MOSI) line is configured as 
an output in a master device and as an input in a slave 
device. The MOSI line is one of two lines that transfer 
serial data in one direction with the most significant bit 
sent first. 

Master In, Slave Out 

The master in, slave out (MISO) line is configured as 
an input in a master device and as an output in a slave 
device. The MISO is one of two lines that transfer serial 
data in one direction with the most significant bit sent 
first. The MISO line of a slave device is placed in a high- 
impedance state if slave is not selected (SS = 1). 

Serial Clock 

The serial clock (SCK) is used to synchronize both data 
in and out of a device via the MOSI and MISO lines. The 
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Figure 15. Data Clock Timing Diagram 



master and slave devices can exchange a byte of infor- 
mation during a sequence of eight clock cycles. Since 
SCK is generated by the master device, this line becomes 
an input on a slave device. 

As shown in Figure 15, four possible timing relation- 
ships may be chosen by using control bits CPOL and 
CPHA in the serial peripheral control register (SPCR). Both 
master and slave devices must operate with the same 
timing. 

Two bits (SPRO and SPR1) in the SPCR of the master 
device select the clock rate. In a slave device, SPRO and 
SPR1 have no effect on SPI operation. 

Slave Select 

The slave select (SS) input line selects a slave device. 
The SS line must be low prior to data transactions and 
must stay low for the duration of the transaction. The SS 
line on the master must be tied high; if the SS line goes 
low, a mode fault error flag (MODF) is set in the serial 
peripheral status register (SPSR). 



When CPHA = 0, the shift clock is the OR of SS with 
SCK. In this clock phase mode, SS must go high between 
successive characters in an SPI message. When CPHA=1, 
SS must go high between successive characters in an 
SPI message. When CPHA=1, SS may be left low for 
several SPI characters. In cases where there is only one 
SPI slave MCU, the slave MCU SS line could be tied to 
V$s as long as CPHA = 1 clock modes are used. 

FUNCTIONAL DESCRIPTION 

A block diagram of the SPI is shown in Figure 16. In a 
master configuration, the CPU sends a signal to the mas- 
ter start logic, which originates an SPI clock (SCK) based 
on the internal processor clock. As a master device, data 
is parallel loaded into the 8-bit shift register from the 
internal bus during a write cycle and then serially shifted 
via the MOSI pin to the slave devices. During a read cycle, 
data is applied serially from a slave device via the MISO 
pin to the 8-bit shift register. Data is then parallel trans- 
ferred to the read buffer and made available to the in- 
ternal data bus during a CPU read cycle. 
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Figure 16. SPI Block Diagram 



In a slave configuration, the slave start logic receives 
a logic low at the SS pin and a clock input at the SCK 
pin. This synchronizes the slave with the master. Data 
from the master is received serially at the slave MOSI pin 
and shifted into the 8-bit shift register for a parallel trans- 
ferto the read buffer. During a write cycle, data is parallel 
loaded into the 8-bit shift register from the internal data 
bus, awaiting the clocks from the master to shift out se- 
rially to the MISO pin and then to the master device. 

Figure 17 illustrates the MOSI, MISO, SCK, and SS 
master-slave interconnections. 

REGISTERS 

There are three registers in the SPI that provide control, 
status, and data storage functions. These registers, the 
serial peripheral control register (SPCR), serial peripheral 
status register (SPSR), and serial peripheral data I/O reg- 
ister (SPDR), are described in the following paragraphs. 



Serial Peripheral Control Register SOA 

The SPCR provides control of individual SPI functions 
such as interrupt and system enabling/disabling, master/ 
slave mode select, and clock polarity/phase/rate select. 

7 6 5 4 3 2 1 0 



SPIE SPE 



MSTR CPOL CPHA SPR1 SPRO 



RESET: 
0 



U 



U 



SPIE — Serial Peripheral Interrupt Enable 
1 = SPI interrupt enabled 

0 = SPI interrupt disabled 

SPE — Serial Peripheral System Enable 

1 = SPI system on 

0 = SPI system off 
MSTR — Master Mode Select 

1 = Master mode 
0 = Slave mode 



8-Bit Shift Register 



SPI 

Clock Generator 



, MOSI 



8-Bit Shift Register 



SS" §"3i 
+ 5V OV 



Figure 17. SPI Master-Slave Interconnections 



MOTOROLA MICROPROCESSOR DATA 
3-1152 



MC68HSC05C8 



CPOL — Clock Polarity 
Clock polarity bit controls the clock value and is used 
in conjunction with the clock phase (CPHA) bit. 
1=SCK line idles high 

0 = SCK line idles in low state 
CPHA — Clock Phase 

Clock phase bit along with CPOL controls the clock- 
data relationship between the master and slave de- 
vices. CPOL selects one of two clocking protocols. 

1 =SS is an output enable control. 

0 = Shift clock is the OR of SCK with SS. 

When SS is low, first edge of SCK invokes first 
data sample. 
SPRO, SPR1 — SPI Clock Rate Bits 
Two clock rate bits are used to select one of four clock 
rates to be used as SCK in the master mode. In the 
slave mode, the two clock rate bits have no effect. Clock 
rate selection is shown in the following table. 
Bit 5 - Not used 
Can read either one or zero 

SPI Clock Rate Selection 



SPR1 


SPRO 


Internal Processor 






Clock Divided By 


0 


0 


2 


0 


1 


4 


1 


0 


16 


1 


1 


32 



Serial Peripheral Status Register $0B 

The SPSR contains three status bits. 



7 


6 


5 


4 


3 


2 


1 


0 


SPIF 


WCOL 




MODF 










RESET. 
0 


0 




0 











SPIF — Serial Peripheral Data Transfer Flag 

1 = Indicates data transfer completed between pro- 
cessor and external device. 
(If SPIF = 1 and SPIE = 1, SPI interrupt is ena- 
bled.) 

0 = Clearing is accomplished by reading SPSR (with 

SPIF= 1) followed by SPDR access. 
WCOL — Write Collision 

1 = Indicates an attempt is made to write to SPDR 

while data transfer is in process. 

0 = Clearing is accomplished by reading SPSR (with 

WCOL=1), followed by SPDR access. 
MODF — Mode Fault Flag 

1 = Indicates multi-master system control conflict. 
0 = Clearing is accomplished by reading SPSR (with 

MODF = 1), followed by a write to the SPCR. 
Bits 0-3, and 5 — Not used 
Can read either zero or one 



Serial Peripheral Data I/O Register $0C 

The SPDR is a read/write register used to receive and 



SPD7 


SPD6 


SPD5 


SPD4 


SPD3 


SPD2 


SPD1 


SPDO 



RESET 

UUUUUUUU 

A write to the SPDR places data directly into the shift 
register for transmission. Only a write to this register will 
initiate transmission/reception of another byte and will 
only occur in the master device. On completion of byte 
transmission, the SPIF status bit is set in both master and 
slave devices. 

A read to the SPDR causes the buffer to be read. The 
first SPIF status bit must be cleared by the time a second 
data transfer from the shift register to the read buffer 
begins, or an overrun condition will exist. In overrun cases, 
the byte causing the overrun is lost. 



INSTRUCTION SET 

The MCU has a set of 62 basic instructions. They can 
be divided into five different types: register/memory, read- 
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 

This MCU uses all the instructions available in the 
M146805 CMOS Family plus one more: the unsigned 
multiply (MUL) instruction. This instruction allows un- 
signed multiplication of the contents of the accumulator 
(A) and the index register (X). The high-order product is 
then stored in the index register, and the low-order prod- 
uct is stored in the accumulator. A detailed definition of 
the MUL instruction is shown below. 



Operation 



Description 



Condition 
Codes 



Source 



Form(s) 



X:A X*A 



Multiplies the eight bits in the index register 
by the eight bits in the accumulator to obtain 
a 16-bit unsigned number in the concatenated 
accumulator and index register 



H: Cleared 
I: Not affected 
N: Not affected 
Z: Not affected 
C: Cleared 



MUL 



Addressing 
Mode 
Inherent 



Cycles 
11 



Bytes 
1 



Opcode 
$42 



REGISTER/MEMORY INSTRUCTIONS 

Most of these instructions use two operands. One op- 
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 
jump to subroutine (JSR) instructions have no register 
operand. Refer to the following instruction list. 



Function 


Mnemonic 


Load A from Memory 


LDA 


Load X from Memory 


LDX 



transmit SPI data. 



Continued — 
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Function 


Mnemonic 


Store A in Memory 


STA 


Store X in Memory 


STX 


Add Memory to A 


ADD 


Add Memory and Carry to A 


ADC 


Subtract Memory 


SUB 


Subtract Memory from A with Borrow 


SBC 


AND Memory to A 


AND 


OR Memory with A 


ORA 


Exclusive OR Memory with A 


EOR 


Arithmetic Compare A with Memory 


CMP 


Arithmetic Compare X with Memory 


CPX 


Bit Test Memory with A (Logical Compare) 


BIT 


Jump Unconditional 


JMP 


Jump to Subroutine 


JSR 



READ-MODIFY-WRITE INSTRUCTIONS 

These instructions read a memory location or a reg- 
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 



Function 


Mnemonic 


Increment 


INC 


Decrement 


DEC 


Clear 


CLR 


Complement 


COM 


Negate (Twos Complement) 


NEG 


Rotate Left Thru Carry 


ROL 


Rotate Right Thru Carry 


ROR 


Logical Shift Left 


LSL 


Logical Shift Right 


LSR 


Arithmetic Shift Right 


ASR 


Test for Negative or Zero 


TST 


Multiply 


MUL 



BRANCH INSTRUCTIONS 

This set of instructions branches if a particular condi- 
tion is met; otherwise, no operation is performed. Branch 
instructions are two-byte instructions. Refer to the fol- 
lowing list for branch instructions. 



Function 


Mnemonic 


Branch Always 


BRA 


Branch Never 


BRN 


Branch if Higher 


BHI 



— Continued — 



Function 


Mnemonic 


Branch if Lower or Same 


BLS 


Branch if Carry Clear 


BCC 


Branch if Higher or Same 


BHS 


Branch if Carry Set 


BCS 


Branch if Lower 


BLO 


Branch if Not Equal 


BNE 


Branch if Equal 


BEQ 


Branch if Half Carry Clear 


BHCC 


Branch if Half Carry Set 


BHCS 


Branch if Plus 


BPL 


Branch if Minus 


BMI 


Branch if Interrupt Mask Bit is Clear 


BMC 


Branch if Interrupt Mask Bit is Set 


BMS 


Branch if Interrupt Line is Low 


BIL 


Branch if Interrupt Line is High 


BIH 


Branch to Subroutine 


BSR 



BIT MANIPULATION INSTRUCTIONS 

The MCU is capable of setting or clearing any writable 
bit which resides in the first 256 bytes of the memory 
space where all port registers, port DDRs, timer, timer 
control, ROM, and on-chip RAM reside. An additional 
feature allows the software to test and branch on the state 
of any bit within these 256 locations. The bit set, bit clear 
and bit test, and branch functions are all implemented 
with a single instruction. For test and branch instructions, 
the value of the bit tested is also placed in the carry bit 
of the condition code register. Refer to the following list 
for bit manipulation instructions. 



Function 


Mnemonic 


Branch if Bit n is Set 


BRSETn(n = 0...7) 


Branch if Bit n is Clear 


BRCLRn(n = 0...7) 


Set Bit n 


BSETn (n = 0...7) 


Clear Bit n 


BCLR n (n = 0 . . . 7) 



CONTROL INSTRUCTIONS 

These instructions are register reference instructions 
and are used to control processor operation during pro- 
gram execution. Refer to the following list for control 
instructions. 



Function 


Mnemonic 


Transfer A to X 


TAX 


Transfer X to A 


TXA 


Set Carry Bit 


SEC 


Clear Carry Bit 


CLC 


Set Interrupt Mask Bit 


SEI 



— Continued — 
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Function 


Mnemonic 


Clear Interrupt Mask Bit 


CLI 


Software Interrupt 


SWI 


Return from Subroutine 


RTS 


Return from Interrupt 


RTI 


Reset Stack Pointer 


RSP 


No-Operation 


NOP 


Stop 


STOP 


Wait 


WAIT 



OPCODE MAP SUMMARY 

Table 5 is an opcode map for the instructions used on 
the MCU. 



ADDRESSING MODES 

The MCU uses ten different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code con- 
version tables, and scaling tables anywhere in the mem- 
ory space. Short indexed accesses are single byte 
instructions; the longest instructions (three bytes) permit 
accessing tables throughout memory. Short and long ab- 
solute addressing is also included. One- or two-byte di- 
rect addressing instructions access all data bytes in most 
applications. Extended addressing permits jump instruc- 
tions to reach all memory. 

The term "effective address" (EA) is used in describing 
the various addressing modes. Effective address is de- 
fined as the address from which the argument for an 
instruction is fetched or stored. 

IMMEDIATE 

In the immediate addressing mode, the operand is con- 
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize a loop counter). 

DIRECT 

In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 

EXTENDED 

In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. When using 
the Motorola assembler, the user need not specify whether 
an instruction uses direct or extended addressing. The 



assembler automatically selects the shortest form of the 
instruction. 

RELATIVE 

The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8- 
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from -126 to +129 from 
the opcode address. The programmer need not calculate 
the offset when using the Motorola assembler, since it 
calculates the proper offset and checks to see that it is 
within the span of the branch. 

INDEXED, NO OFFSET 

In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. This addressing mode can access the first 256 
memory locations. These instructions are only one byte 
long. This mode is often used to move a pointer through 
a table or to hold the address of a frequently referenced' 
RAM or I/O location. 

INDEXED, 8-BIT OFFSET 

In the indexed, 8-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address- 
able locations and could extend as far as location 510 
($1FE is the last location at which the instruction may 
begin). 

INDEXED, 16-BIT OFFSET 

In the indexed, 16-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 
the opcode. This address mode can be used in a manner 
similar to indexed, 8-bit offset except that this three-byte 
instruction allows tables to be anywhere in memory. As 
with direct and extended addressing, the Motorola as- 
sembler determines the shortest form of indexed ad- 
dressing. 

BIT SET/CLEAR 

In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode, and the byte following 
the opcode specifies the direct addressing of the byte in 
which the specified bit is to be set or cleared. Any read/ 
write bit in the first 256 locations of memory, including 
I/O, can be selectively set or cleared with a single two- 
byte instruction. 

BIT TEST AND BRANCH 

The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 
bit that is to be tested and its condition (set or clear), is 
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ORA 

2 1X1 


ORA 


A 

1010 


B 

1011 


BRCLRS 
3 BT| 


BCLR5 


3 

BMI 

2 "Ejj 














2 

SEI 

1 INH 


2 

ADD 

2 IMM 


3 

ADD 

2 DIR 


4 

ADD 
3 EXT 


5 

ADD 

3 1X2 


ADD 

2 1X1 


ADD 


B 

1011 


c 

1100 


BRSET6 
3 BTg 


BSET6 
2 BS£ 


BMC 

2 REL^ 


i 

INC 
2 DIR 


3 

INCA 
1 INH 


3 

INCX 

1 INH 


INC 
2 1X1 


5 

INC 
1 IX 




2 

RSP 

1 INH 




2 

JMP 

2 DIR 


3 

JMP 

3 EXT 


4 

JMP 

3 1X2 


JMP 

2 1X1 


JMP 


c 

1100 


D 

1101 


BRCLR6 
3 BTJ. 


BCLR6 

2 BSC 


BMS 

2 REL 


TST 

2 DIR 


3 

TSTA 

1 INH 


3 

TSTX 

1 INH 


TST 
2 1X1 


TST 

1 IX 




2 

NOP 

1 INH 


6 

BSR 

2 REL 


5 

JSR 

2 DIR 


6 

JSR 
3 EXT 


7 

JSR 
3 1X2 


JSR 

2 1X1 


JSR 


D 
1101 


E 

1115 


BRSET7 
3. BT| 


5 

BSET7 


3 

BIL 

2 RE|j 












2 

STOP 




2 

LDX 


3 

LDX 

2 DIR 


4 

LDX 

J ^ 


5 

LDX 
J B2. 


LDX 

2 IXI 


LDX 


E 

1110 


F 

1111 


BRCLR7 
3 BTB 


BCLR7 
2 BSC 


BIH 
2 REL 


5 

CLR 

2 DIR 


CLRA 

1 INH 


3 

CLRX 
1 INH 


6 

CLR 

2 1X1 


5 

CLR 

1 IX 


2 

WAIT 
1 INH 


2 

TXA 

1 INH 




i 

STX 
2 DIR 


STX 
3 EXT 


STX 
3 1X2 


STX 

2 1X1 


STX 

1 IX 


F 

1111 



2 
o 
o> 

CO 

X 

CO 

o 
o 

U1 

O 
CO 



Abbreviation* for Address Mods* 



LEGEND 



INH 


Inherent 


A 


Accumulator 


X 


Index Register 


IMM 


Immediate 


DIR 


Direct 


EXT 


Extended 


REL 


Relative 


BSC 


Bit Set/Clear 


BTB 


Bit Test and Branch 


IX 


Indexed (No Offset) 


1X1 


Indexed. 1 Byte (8-Biti Offset 


1X2 


Indexed. 2 Byte (16- Bit 1 Offset 



Mnemonic - 
Bytes ■ 



Cycles- 





F 






1111*- 








ft 


3 

-►SUB/ 

1 /IX 


o^- 

oooo 





Opcode in Hexadecimal 
Opcode in Binary 

Address Mode 



MC68HSC05C8 



included in the opcode. The address of the byte to be 
tested is in the single byte immediately following the 
opcode byte. The signed relative 8-bit offset in the third 
byte is added to the PC if the specified bit is set or cleared 
in the specified memory location. This single three-byte 
instruction allows the program to branch based on the 
condition of any readable bit in the first 256 locations of 
memory. The span of branching is from -125 to +130 
from the opcode address. The state of the tested bit is 



also transferred to the carry bit of the condition code 
register. 

INHERENT 

In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in- 
structions are one byte long. 
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POWER CONSIDERATIONS 

The average chip-junction temperature, Tj, in °C can 
be obtained from: 



Tj=T A +(P D -ejA> (D 



where: 




T A 


= Ambient Temperature, °C 




= Package Thermal Resistance, 


Junction-to-Ambient, °C/W 


PD 


= p INT+P|/0 


Pint 


= 'cC xV CC' Watts — Chip Internal Power 


P|/0 


= Power Dissipation on Input and Output 



Pins — User Determined 



For most applications P|/o < P|NT anc * can De neglected. 

The following is an approximate relationship between 
Pq and Tj (if P|/q is neglected): 

P D = K-(Tj + 273°C) (2) 

Solving equations (1) and (2) for K gives: 

K = P D . (T a + 273°C) + 8j A -Pd 2 (3) 
where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring Pq 
(at equilibrium) for a known T A . Using this value of K, 
the values of Pq and Tj can be obtained by solving equa- 
tions (1) and (2) iteratively for any value of T A . 



DC ELECTRICAL CHARACTERISTICS 

(Vdd = 5 '° Vdc±10%, Vss = 0 Vdc, Ta = T[_ to Th, unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Output Voltage, iLoad^ 10 0 ^ A 


vol 
voh 


Vdd-o.1 


— 


0.1 


V 


Output High Voltage 

('Load = 0.8 mA) PA0-PA7, PB0-PB7, PC0-PC7, TCMP (see Figure 
19) 

"Load - rnA) rui-rU4 (see t-igure <:uj 


VOH 


Vdd-0.8 
Vdd-0.8 


- 


- 


V 


Output Low Voltage (see Figure 21) 
('Load = 1-6 mA) PA0-PA7, PB0-PB7, PC0-PC7, PD1-PD4, TCMP 


vol 






0.4 


V 


Input High Voltage 
PA0-PA7, PB0-PB7, PC0-PC7, PD0-PD5, PD7, TCAP, IRQ, 
RESET, OSC1 


V|H 


0.7xV D D 




vdd 


V 


Input Low Voltage 
PA0-PA7, PB0-PB7, PC0-PC7, PD0-PD5, PD7, TCAP, IRQ, 
RESET, OSC1 


V|L 


vss 




0.2xV D D 


V 


Data Retention Mode (0° to 70°C) 


Vrm 


2.0 






V 


Supply Current (see Notes) 
Run (see Figures 22 and 23) 
Wait (see Figures 22 and 23) 
Stop (see Figure 23) 
25°C 

0° to 70°C (Standard) 


idd 




6.7 
3.0 

2.0 


13.3 
7.6 

50 
140 


mA 
mA 

^A 
|xA 


I/O Ports Hi-Z Leakage Current 
PA0-PA7, PB0-PB7, PC0-PC7, PD1-PD4 


IlL 






±10 


(j.A 


Input Current 
RESET, IRQ, TCAP, OSC1, PDO, PD5, PD7 


'in 






±1 


\lA 


Capacitance 
Ports (as Input or Output) 
RESET, IRQ, TCAP, PD0-PD5, PD7 


Cout 
Cm 






12 
8 


pF 



NOTES: 

1. All values shown reflect average measurements. 

2. Typical values at midpoint of voltage range, 25°C only. 

3. Wait Idd: Only timer system active (SPE = TE = RE = 0). If SPI, SCI active (SPE = TE = RE = 1) add 10% current draw. 

4. Run (Operating) Idd< Wait Idd : Measured using external square wave clock source (f osc = 8.0 MHz), all inputs 0.2 V from rail; 
no dc loads, less than 50 pF on all outputs, C(_ = 20 pF on OSC2. 

5. Wait, Stop Idd : All ports configured as inputs, V|(_ = 0.2 V, V|h = Vdd~0.2 V. 

6. Stop Idd measured with OSC1 =Vss- 

7. Standard temperature range is 0° to 70°C. A 25°C only version is available. 

8. Wait Idd is affected linearly by the OSC2 capacitance. 
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DC ELECTRICAL CHARACTERISTICS 

(Vdd = 3.3 Vdc±10%, Vss = 0 Vdc, Ta = Tl to Th, unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Output Voltage, iLoad^^O-O 


VOL 
V 0 H 


vdd-o.1 


— 


0.1 


V 


Output High Voltage 

/I. ft O A V DAA DAT QDfl DDT DOA DOT T/**jn / „ „ „ f" . . _„ 

('Load = 0-2 mA) PA0-PA7, PB0-PB7, PC0-PC7, TCMP (see Figure 
19) 

('Load = 1-6 mA) PD1-PD4 (see Figure 20) 


V 0 H 


VdD -0 - 3 
Vdd-0.3 








V 


Output Low Voltage (see Figure 21) 
dLoad = 0'4 "iA) PA0-PA7, PB0-PB7, PC0-PC7, PD1-PD4, TCMP 


vol 






0.3 


V 


Input High Voltage 

PA0-PA7, PB0-PB7, PC0-PC7, PD0-PD5, PD7, TCAP, IRQ, 
dcccx ncn 


V|H 


0.7xV DD 


— 


VDD 


V 


Input Low Voltage 

DAn DAT DDfl DDT Dp/1 DOT Dnfl nnE DI~^T TOAD ID/"\ 

rAU-rA/, rbU-rb/, rLU-rL/, rUU-rUo, rU/, ILAr, IHU, 
RESET, 0SC1 


V|L 


vss 


— 


0.2xV DD 


V 


Data Retention Mode (0° to 70°C) 


Vrm 


2.0 






V 


Supply Current (see Notes) 
Run (see Figures 22 and 24) 
vvdii isee ngures ano 
Stop (see Figure 24) 
25°C 

0° to 70°C (Standard) 


Idd 




1.0 
u.o 

1.0 


2.5 

1 A 

30 
80 


mA 
mA 

jiA 
uA 


I/O Ports Hi-Z Leakage Current 
PA0-PA7, PB0-PB7, PC0-PC7, PD1-PD4 


IlL 






±10 


jjlA 


Input Current 
RESET, IRQ, TCAP, 0SC1, PDO, PD5, PD7 


■in 






±1 


fiA 


Capacitance 
Ports (as Input or Output) 
RESET, IRQ, TCAP, PD0-PD5, PD7 


Cout 
Cin 






12 
8 


pF 



NOTES: 

1. All values shown reflect average measurements. 

2. Typical values at midpoint of voltage range, 25°C only. 

3 Wait Idd : 0nl V timer system active (SPE = TE = RE = 0) If SPI, SCI active (SPE = TE = RE = 1) add 10% current draw. 

4. Run (Operating) Idd< Wait Idd : Measured using external square wave clock source (fosc = 4.2 MHz), all inputs 0.2 V from rail; 
no dc loads, less than 50 pF on all outputs, C|_ = 20 pF on OSC2. 

5. Wait, Stop Idq: All ports configured as inputs, V||_ = 0.2 V, V|h = Vdd-0- 2 V. 

6. Stop Idd measured with OSC1 =Vss- 

7. Standard temperature range is 0° to 70°C. A 25°C only version is available. 

8. Wait Idd is affected linearly by the OSC2 capacitance. 



MOTOROLA MICROPROCESSOR DATA 
3-1159 



MC68HSC05C8 




6 0 




vno-voH ivoits) vql ivoits) 



Figure 19. Typical Vqh v s IQH f° r P°^ s A * B » C, and TCMP Figure 21. Typical Vql vs Iql for All Ports 
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0 05 10 15 20 0 05 10 15 20 

Internal Frequency 1/tcycle (MHz) Internal Frequency 1/tcycle (MHz) 



Figure 22. Typical Current vs Internal Frequency for Run and Wait Modes 
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CONTROL TIMING 

(V DD = 5.0 Vdc±10%, Vss = 0 Vdc, T A = Tl to T H ) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Frequency of Operation 


f osc 






MHz 


Crystal Option 






8.0 




External Clock Option 




dc 


8.0 




Internal Operating Frequency 


fop 






IVInZ 


Crvstal (f«o^ — ?) 




4.0 




Fxtprnal flnrk If 51 

UALCIIIOI UULK V'OSC ' 




dc 


4.0 




Cycle Time (see Figure 28) 


tcyc 


250 


— 


ns 


Crystal Oscillator Startup Time (see Figure 28) 


toxov 


— 


100 


ms 


Stop Recovery Startup Time (Crystal Oscillator) (see Figure 25) 


tILCH 


— 


100 


ms 


RESET Pulse Width (see Figure 28) 


tRL 


1.5 




l cyc 


Timer 










Resolution** 


tRESL 


4.0 




tcyc 


Input Capture Pulse Width (see Figure 26) 


*TH' l TL 


63 




ns 


Input Capture Pulse Period (see Figure 26) 


tTLTL 






tcyc 


Interrupt Pulse Width Low (Edge-Triggered) (see Figure 8) 


t|LIH 


63 




ns 


Interrupt Pulse Period (see Figure 8) 


tlLIL 






tcyc 


OSC1 Pulse Width 


tOH- *OL 


45 




ns 



*The minimum period t||_||_ should not be less than the number of cycle times it takes to execute the interrupt service routine plus 



21 t C yc- 

**Since a 2-bit prescaler in the timer must count four internal cycles (t C ych this is the limiting minimum factor in determining the 
timer resolution. 

***The minimum period tjLjL should not be less than the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 t cyc . 



OSC1 1 






















t|LCH > 


«* «064't cyc *~ 



riJV~L_rLrLrLr 




NOTES 

1 Represents the internal gating of the OSC1 pin 

2 IRQ pin edge-sensitive mask option 

3 IRQ pin level and edge-sensitive mask option 

4 RESET vector address shown for timing example 



RESET or Interrupt 
Vector Fetch 



Figure 25. Stop Recovery Timing Diagram 
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CONTROL TIMING 

(V DD = 3.3 Vdc±10%, V SS = 0 Vdc, T A = T L to T H ) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Frequency of Operation 
Crystal Option 
External Clock Option 


fosc 


dc 


2.0 
2.0 


MHz 


Internal Operating Frequency 
crystal (t osc -2) 
External Clock (f osc -2) 


f op 


dc 


1.0 
1.0 


MHz 


Cycle Time (see Figure 28) 


tcyc 


1000 





ns 


Crystal Oscillator Startup Time (see Figure 28) 


toxov 


_ 


100 


ms 


Stop Recovery Startup Time (Crystal Oscillator) (see Figure 25) 


tlLCH 




100 


ms 


RESET Pulse Width — Excluding Power-Up (see Figure 28) 


tRL 


1.5 




tcyc 


Timer 
Resolution** 

Input Capture Pulse Width (see Figure 26) 
Input Capture Pulse Period (see Figure 26) 


tRESL 
l TH' *TL 
tTLTL 


4.0 
250 




tcyc 

ns 
tcyc 


Interrupt Pulse Width Low (Edge-Triggered) (see Figure 8) 


tlLIH 


250 




ns 


Interrupt Pulse Period (see Figure 8) 


tlLIL 






tcyc 


OSC1 Pulse Width 


tOH- tQL 


200 




ns 



*The minimum period t||_||_ should not be less than the number of cycle times it takes to execute the interrupt service routine plus 
21 t cyc . 

**Since a 2-bit prescaler in the timer must count four internal cycles (tcy C ), this is the limiting minimum factor in determining the 
timer resolution. 

**The minimum period tj|_TL should not be less than the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 t cvc . 




Figure 26. Timer Relationships 
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SERIAL PERIPHERAL INTERFACE (SPI) TIMING 

(V D d = 5.0 Vdc± 10%, Vss = 0 Vdc, Ta = T L to T H ) (see Figure 27) 



Num. 


Characteristic 


Symbol 


Min 


Max 


Unit 




Operating Frequency 
Master 
Slave 


fop(m) 
f op(s) 


dc 
dc 


0.5 
4.0 


f op(s) 
MHz 


1 


Cycle Time 
Master 
Slave 


tcyc(m) 
tcyc(s) 


2.0 
250 




l cyc 
ns 


2 


Enable Lead Time 
Master 
Slave 


t|ead(m) 
tlead(s) 


TBD 


= 


ns 
ns 


3 


Enable Lag Time 
Master 
Slave 


tlag(m) 
t|aq(s) 


TBD 


- 


ns 
ns 


4 


Clock (SCK) High Time 
Master 
Slave 


tw(SCKH)m 
tw(SCKH)s 


TBD 
TBD 


— 


ns 
ns 


5 


Clock (SCK) Low Time 
Master 
Slave 


tw(SCKL)m 
tw(SCKL)s 


TBD 
TBD 





ns 
ns 


6 


Data Setup Time (Inputs) 
Master 
Slave 


tsu(m) 
tsu(s) 


TBD 
TBD 





ns 
ns 


7 


Data Hold Time (Inputs) 
Master 
Slave 


th(m) 
th(s) 


TBD 
TBD 




ns 
ns 


8 


Access Time (Time to Data Active from High-Impedance State) 
Slave 


ta 


0 


TBD 


ns 


9 


Disable Time (Hold Time to High-Impedance State) 
Slave 


tdis 


- 


TBD 


ns 


10 


Data Valid 
Master (Before Capture Edge) 
Slave (After Enable Edge)** 


Mm) 

Ms) 


TBD 


TBD 


tcyc(m) 
ns 


11 


Data Hold Time (Outputs) 
Master (After Capture Edge) 
Slave (After Enable Edge) 


tho(m) 
tho(s) 


TBD 
0 




tcyc(m) 
ns 


12 


Rise Time (20% Vdd to 70% Vqd- C|_ = 200 pF) 
SPI Outputs (SCK, MOSI, and MISOJ_ 
SPI Inputs (SCK, MOSI, MISO, and SS) 


l rm 

trs 




TBD 
TBD 


ns 

\LS 


13 


Fall Time (70% Vdd to 20% V DD , C L = 200 pF) 
SPI Outputs (SCK, MOSI, and MISOJ_ 
SPI Inputs (SCK, MOSI, MISO, and SS) 


tfm 
tfs 




TBD 
TBD 


ns 

US 



*Signal production depends on software. 
"Assumes 200 pF load on all SPI pins. 
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SERIAL PERIPHERAL INTERFACE (SPI) TIMING 

(Vdd = 3.3 Vdc± 10%, Vss = 0 Vdc, T A = T L to T H ) (see Figure 27) 



Num. 


Characteristic 


Symbol 


Min 


Max 


Unit 




Operating Frequency 
Master 
Slave 


f op(m) 
f op(s) 


dc 
dc 


0.5 
1.0 


f op(s) 
MHz 


1 


Cycle Time 
Master 
Slave 


tcycfm) 
tcyc(s) 


2.0 
1.0 


- 


tcyc 
|XS 


2 


Enable Lead Time 
Master 
Slave 


l lead(m) 
tlead(s) 


500 


- 


ns 
ns 


3 


Enable Lag Time 
Master 
Slave 


t|ag(m) 
'lads) 


500 


- 


ns 
ns 


4 


Clock (SCK) High Time 
Master 
Slave 


tw(SCKH)m 
*w(SCKH)s 


720 
400 


- 


JiS 

ns 


5 


Clock (SCK) Low Time 
Master 
Slave 


tw(SCKL)m 


720 
400 


- 


\LS 

ns 


6 


Data Setup Time (Inputs) 
Master 
Slave 


l su(m) 


200 
200 


- 


ns 
ns 


7 


Data Hold Time (Inputs) 
Master 
Slave 


th(m) 

11(5/ 


200 
200 


- 


ns 
ns 


8 


Access Time (Time to Data Active from High-Impedance State) 
Slave 


ta 


0 


250 


ns 


9 


Disable Time (Hold Time to High-Impedance State) 
Slave 


tdis 


- 


500 


ns 


10 


Data Valid 
Master (Before Capture Edge) 
Slave (After Enable Edge)** 


Mm) 
Ms) 


0.25 


500 


tcycfm) 
ns 


11 


Data Hold Time (Outputs) 
Master (After Capture Edge) 
Slave (After Enable Edge) 


tho(m) 
tho(s) 


0.25 
0 




tcycfm) 
ns 


12 


Rise Time (20% Vdd to 70% Vdd. C|_ = 200 pF) 
SPI Outputs (SCK, MOSI, and MISO_]_ 
SPI Inputs (SCK, MOSI, MISO, and SS) 


*rm 
trs 




200 
2.0 


ns 

M-S 


13 


Fall Time (70% Vdd to 20% Vdd- C|_ = 200 pF) 
SPI Outputs (SCK, MOSI, and MISQl_ 
SPI Inputs (SCK, MOSI, MISO, and SS) 


tfm 
tfs 




200 
2.0 


ns 

|XS 



"Signal production depends on software. 
* Assumes 200 pF load on all SPI pins. 
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55 

(INPUT) 



5? it Held High on Matter 



SCK (CPOL-O) SEE 
(OUTPUT) NOTE 



SCK l 
(OUTP 



MISO 
(INPUT) 



MOSI 
(OUTPUT) 



K3) H h© 



^ MSB IN *L 



MASTER MSB OUT 



-CD- 



^ LSB IN y . 



BIT6----1 

— s— 



MASTER LSB OUT 



7 



NOTE: This first dock edge is generated internally but is not teen at the SCK pin. 

a) SPI MASTER TIMING (CPHA = 0) 



55 

(INPUT) 



SCK (CPOL-0) 

- Tplr 



55 is Held High on Master 



(OUTPUT) 



SCK (CPOL-1) 
(OUTPUT) 



MISO 
(INPUT) 



MOSI 
(OUTPUT) 



10 (rel)] 



MSB IN y . 



- KI>*lr<Z>* 



MASTER MSB OUT 



- j B ' T6 - \ 1 > 



BIT6----1 

— s— 



^ LSB IN ► 



SEE 
NOTE 



MASTER LSB OUT 



NOTE: This last dock adga is ganaratad internally but is not scan at tha SCK pin. 

b) SPI MASTER TIMING (CPHA = 1) 



Figure 27. SPI Timing Diagrams (Sheet 1 of 2) 
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53 

(INPUT) 



SCK (CPOL-0) 
(INPUT) 



SCK (CPOL-1) 
(INPUT) 



MISO 
(OUTPUT) 



h® ~H h® 



Jr 



-©- 



KD 



SLAVE 



MOSI 
(INPUT) 



MSB OUT 



k® -*lr® 



X 



BIT 6 1 



SLAVE LSB OUT 



\ [ MSB IN ^ BIT6 - ^1 ^ ^ LSB IN ^ - 



(EH h 

A NOTE 3 1 



NOTE Not defined but normally MSB of character just received 

c) SPI SLAVE TIMING (CPHA = 0) 



53 

(INPUT) 



SCK (CPOL.O) 
(INPUT) 



SCK (CPOL-1) 
(INPUT) 



(8> 



MISO 
(OUTPUT) 



MOSI 
(INPUT) 



MSB OUT 



KDH H r® 



Hh® - 



x 



BIT6----1 

V 



\' MSB IN 5 f ^ BIT6--T"^ ^ LSB IN ~^ 



(SH 



NOTE Not defined but normally LSB of character previously transmitted. 

d) SPI SLAVE TIMING (CPHA = 1) 



-® 



~® Hh© 



SLAVE LSB OUT 



Figure 27. SPI Timing Diagrams (Sheet 2 of 2) 
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CO 



'VDDR 



Vqd 7p V DD Threshold (1-2 V Typical) 



o 

H 

O 
30 
O 

5 



Data 
Bus* 



^aZZZ^ZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZ 

llOXOV, 4064 «cyc ' 



Internal 
Processor 
Clock* 



Internal 
Address 
Bus* 




r*- 'eye 



o 
o> 

00 
X 
(A 
O 
o 

Ol 

O 

00 





< tRL * 








I 



*0SC1 line is not meant to represent frequency It is only used to represent time 

•The next rising edge of the internal processor clock following the rising edge of RESET initiates the reset sequence 



Figure 28. Power-On Reset and RESET 
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ORDERING INFORMATION 

The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo- 
torola in the following media: 
MDOS®, disk file 
MS®-DOS/PC-DOS disk file (360K) 
EPROM(s) 2764, MCM68764, MCM68766, or EEPROM 
To initiate a ROM pattern for the MCU, it is necessary 
to first contact the local field service office, a sales person, 
or a Motorola representative. 

FLEXIBLE DISKS 

A flexible disk (MS-DOS/PC-DOS disk file), pro- 
grammed with the customer's program (positive logic 
sense for address and data), may be submitted for pattern 
generation. The diskette should be clearly labeled with 
the customer's name, data, project or product name, and 
the name of the file containing the pattern. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 

MS-DOS/PC-DOS Disk File 

MS-DOS is Microsoft's Disk Operating System. PC-DOS 
is the IBM® Personal Computer (PC) Disk Operating Sys- 
tem. Disk media submitted must be a standard density 
(360K) double-sided 5 1/4 inch compatible floppy diskette. 
The diskette must contain object file code in Motorola's 
S-record format. The S-record format is a character-based 
object file format generated by M6805 cross assemblers 
and linkers on IBM PC style machines. 

EPROMs 

A 2764, 68764, or 68766 type EPROM, programmed 
with the customer's program (positive logic sense for 
address and data), may be submitted for pattern gener- 
ation. Since all program and data space information will 
fit on one 2764, 68764, or 68766 EPROM device, the EPROM 
must be programmed as described in the following par- 
agraphs. 

Start the page zero, user ROM at EEPROM address 
$0020 through $004F. Start the user ROM at EEPROM 
address $01 00 through $1 EFF with vectors from $1 FF4 to 
$1 FFF. All unused bytes, including the user's space, must 
be set to zero. For shipment to Motorola, EPROMs should 



be placed in a conductive IC carrier and packed securely. 
Styrofoam is not acceptable for shipment. 




xxx = Customer ID 

Verification Media 

All original pattern media (EPROMs or floppy disks) are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked, and the verification form 
should be completed, signed, and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for the creation of the customer mask. To aid 
in the verification process. Motorola will program cus- 
tomer supplied blank EPROM(s) or DOS disks from the 
data file used to create the custom mask. 

ROM VERIFICATION UNITS (RVUs) 

Ten MCUs containing the customer's ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask, but are for the pur- 
pose of ROM verification only. For expediency, the MCUs 
are unmarked, packaged in ceramic, and tested with five 
volts at room temperature. These RVUs are free with the 
minimum order quantity, but are not production parts. 
RVUs are not backed or guaranteed by Motorola Quality 
Assurance. 

ORDERING INFORMATION 

The following table provides ordering information per- 
taining to the package type, temperature, and MC order 
numbers for the MC68HC05C4 device. 




Package Type 


Temperature 


MC Order Number 


Plastic 
(P Suffix) 


0°Cto +70°C 


MC68HSC05C8P 


PLCC 
(FN Suffix) 


0°C to +70°C 


MC68HSC05C8FN 



MDOS is a trademark of Motorola Inc. 
MS is a trademark of Microsoft, Inc. 

IBM is a registered trademark of International Business Machines Corporation. 
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PIN ASSIGNMENTS 
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Product Preview 

One Time Programmable ROM (OTPROM) or 
Standard Eraseable Programmable ROM 
(EPROM) Microcontroller 

The MC68HC705B5 One Time Programmable ROM (OTPROM) or standard Eraseable Program- 
mable ROM (EPROM) microcontroller unit (MCU) device is similar to the MC68HC05B6 with the fol- 
lowing exception. This exception incorporates 6K-byt.es of OTPROM or EPROM (refer to block dia- 
gram). 

The following are some of the features of the MC68HC705B5: 

• HCMOS Technology 

• 6K Bytes of OTPROM or EPROM 

• 176 Bytes of RAM 

• 368 Bytes of Bootstrap ROM 

• 8-Channel Analog-to-Digital (A/D) Converter 

• Serial Communication Interface (SCI) 

• 16-Bit Timer Subsystem 

• External Timer and SCI Interface 

• Fully Static Operation 

• Computer Operating Properly (COP) Watchdog Timer 

• 24 Bidirectional I/O Lines 

• On-Chip Oscillator with RC or Crystal/Ceramic Resonator Mask Option 

• 2 MHz Internal Operation at 5 Volts; 1 MHz at 3 Volts 

• Single 3- to 6-Volt Supply 

• Power-On and External Reset 

• 8x8 Unsigned Multiply Instruction 

• True Bit Manipulation 

• Memory Map I/O 

• Two Power-Saving Standby Modes (STOP and WAIT) 

• 48-Pin DIP or 52-Pin PLCC (OTPROM) Package 

• 48-Pin DIP (EPROM Window) Package 




This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice 
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Product Preview 

One Time Programmable ROM (OTPROM) or 
Standard Eraseable Programmable Read-Only 
Memory (EPROM) Microcomputer 

The MC68HC705C4 Microcomputer Unit (MCU) device is similar to the MC68HC05C4 with the fol- 
lowing exceptions. These exceptions incorporate 4160 bytes of One Time Programmable Read-Only 
Memory (OTPROM) or Standard Eraseable Programmable Read-Only Memory (EPROM), Computer 
Operating Properly (COP) watchdog timer, and 240 bytes of ROM programming bootstrap on-chip 
(refer to block diagram). 

The following are some of the hardware and software features of the MC68HC705C4. 

• HCMOS Technology 

• Power Saving STOP, WAIT, and Data Retention Modes 

• Fully Static Operation 

• 4160 Bytes of OTPROM or EPROM 

• 176 Bytes of RAM 

• 240 Bytes of Bootstrap ROM 

• 24 Bidirectional I/O Lines 

• 2.1 MHz Internal Operating Frequency at 5 Volts; 1.0 MHz at 3 Volts 

• Serial Communications Interface System (SCI) 

• Serial Peripheral Interface System (SCI) 

• External Timer, SCI, and SPI Interrupts 

• Master Reset and Power-On Reset 

• Single 3-5 Volt Supply (2-Volt Data Retention Mode) 

• On-Chip Oscillator with RC or Crystal/Ceramic Resonator Mask Options 

• 8x8 Unsigned Multiply Instruction 

• True Bit Manipulation 

• Addressing Modes with Indexed Addressing for Tables 

• Two Power-Saving Standby Modes, Software Initiated 

• Computer Operating Properly (COP) Watchdog Timer 

• 16-Bit Timer 

• 40-Pin DIP, 44 Lead PLCC (OTPROM) Packages 

• 40-Pin DIP (EPROM Window) Package 



This document contains information on a new product Specifications and information herein are subject to change without notice. 
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Technical Summary 

8-Bit Microcontroller Unit 

The MC68HC705C8 (HCMOS) microcontroller unit (MCU) is a member of the M68HC05 Family of 
microcontrollers and is available in either one-time programmable ROM (OTPROM) or EPROM ver- 
sions. This high-performance, low-power MCU has parallel I/O capability with pins programmable 
as input or output. This publication contains condensed information on the MCU; for more detailed 
information, contact your local Motorola sales office. 

The following block diagram depicts the hardware features; additional features available on the 
MCU are as follows: 

• On-Chip Oscillator with RC or Crystal/Ceramic Resonator Mask Options 

• Memory-Mapped I/O 

• Selectable Memory Configurations 

• Computer Operating Properly (COP) Watchdog Timer 

• Clock Monitor 

• 24 Bidirectional I/O Lines and 7 Input-Only Lines 

• Serial Communications Interface (SCI) System 

• Serial Peripheral Interface (SPI) System 

• Bootstrap Capability 

• Power-Saving STOP, WAIT, and Data Retention Modes 

• Single 3.0- to 5.5-Volt Supply (2-Volt Data Retention Mode) 

• Fully Static Operation 

• Software-Programmable External Interrupt Sensitivity 
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This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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SIGNAL DESCRIPTION 

The signal descriptions of the MCU are discussed in 
the following paragraphs. 

v D d and v S s 

Power is supplied to the microcontroller using these 
two pins. Vqd is the positive supply, and Vss IS ground. 

IRQ 

This pin is a programmable option that provides two 
different choices of interrupt triggering sensitivity. Refer 
to INTERRUPTS for more detail. 

OSC1, OSC2 

These pins provide control input for an on-chip clock 
oscillator circuit. A crystal, a ceramic resonator, a resistor/ 
capacitor combination, or an external signal connects to 
these pins providing a system clock. A mask option se- 
lects either a crystal/ceramic resonator or a resistor/ca- 
pacitor as the frequency determining element. The 
oscillator frequency is two times the internal bus rate. 



Crystal 
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(a) Crystal/Ceramic 



RC Oscillator 

With this option, a resistor is connected to the oscillator 
pins as shown in Figure 1(d). The relationship between 
R and f osc is shown in Figure 2. 

Crystal 

The circuit shown in Figure 1(b) is recommended when 
using a crystal. Using an external CMOS oscillator is rec- 
ommended when crystals outside the specified ranges 
are to be used. The crystal and components should be 
mounted as close as possible to the input pins to mini- 
mize output distortion and start-up stabilization time. Re- 
fer to ELECTRICAL SPECIFICATIONS for Vdd 
specifications. 

Ceramic Resonator 

A ceramic resonator may be used in place of the crystal 
in cost-sensitive applications. The circuit in Figure 1(b) is 
recommended when using a ceramic resonator. Figure 
1(a) lists the recommended capacitance and resistance 
values. The manufacturer of the resonator considered 
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(c) Equivalent Crystal Circuit 
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(For Crystal Mask Option Only) 



Figure 1. Oscillator Connections 
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20 50 100 
Resistance (kQ) 



Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option Only 



should be consulted for specific information on resonator 
operation. 

External Clock 

An external clock should be applied to the OSC1 input 
with the OSC2 input not connected, as shown in Figure 
1(e). This option may only be used with the crystal os- 
cillator mask option. 

INPUT CAPTURE (TCAP) 

This pin controls the input capture feature for the on- 
chip programmable timer. 

OUTPUT COMPARE (TCMP) 

This pin provides an output for the output compare 
feature of the on-chip timer. 



RESET 



This pin is used as an input to reset the M CU and 
provide an orderly st art-up p rocedure by pulling RESET 
low. As an output, the RESET pin indicates that an internal 
MCU failure has been detected. 

INPUT/OUTPUT PORTS (PA0-PA7, PB0-PB7, PC0-PC7) 

These 24 lines are arranged into three 8-bit ports (A, 
B, and C). These ports are programmable as either inputs 
or outputs under software control of the data direction 
registers. Refer to PROGRAMMING for additional infor- 
mation. 

FIXED INPUT PORT (PD0-PD5, PD7) 

These seven lines comprise port D, a fixed input port. 
All special functions that are enabled (SPI, SCI) affect this 
port. Refer to PROGRAMMING for additional information. 

Vpp 

This pin is used to program the OTPROM or EPROM. 
Vpp should be connected to Vqd f° r normal operation. 



CAUTION 

Do not connect the Vpp pin to Vss (ground), or 
damage to the MCU could result. 



PROGRAMMING 

Input/output port programming, fixed input port pro- 
gramming, and serial port programming are discussed 
in the following paragraphs. 

INPUT/OUTPUT PORT PROGRAMMING 

Any port pin is programmable as either an input or an 
output under software control of the corresponding data 
direction register (DDR). Each port bit can be selected as 
output or input by writing the corresponding bit in the 
port DDR to a logic one for output and logic zero for input. 
On reset, all DDRs are initialized to logic zero to put the 
ports in the input mode. The port output registers are not 
initialized on reset but may be written to before setting 
the DDR bits to avoid undefined levels. 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Refer to 
Figure 3 for typical port circuitry and to Table 1 for a list 
of the I/O pin functions. 

Table 1. I/O Pin Functions 



R/W* 


DDR 


I/O Pin Functions 


0 


0 


The I/O pin is in input mode. Data is 
written into the output data latch. 


0 


1 


Data is written into the output data latch 
and output to the I/O pin. 


1 


0 


The state of the I/O pin is read. 


1 


1 


The I/O pin is in an output mode. The 
output data latch is read. 



*R/W is an internal signal. 
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Figure 3. Typical Port I/O Circuit 




FIXED INPUT PORT PROGRAMMING 

Port D is a fixed input port (PD0-PD5, PD7) that monitors 
the external pins whenever the SCI or SPI is disabled. 
After reset, all seven bits become valid inputs because 
all special function drivers are disabled. For example, 
with the SCI enabled, PDO and PD1 inputs will read zero. 
With the SPI disabled, PD2 through PD5 will read the state 
of the pin at the time of the read operation. 

NOTE 

Any unused inputs and I/O ports should be tied to 
an appropriate logic level (e.g., either Vqd or Vss)- 

SERIAL PORT (SCI AND SPI) PROGRAMMING 

The SCI and SPI use the port D pins for their functions. 
The SCI requires two pins (PD0-PD1) for its receive data 
input (RDI) and transmit data output (TDO), respectively. 
The SPI function requires four of the pins (PD2-PD5) for 
its serial data input/output (MISO), serial data output/ 
input (MOSI), serial clock (SCK), and slave select (SS), 
respectively. 



MEMORY 

The MCU is capable of addressing 8192 bytes of mem- 
ory and I/O registers. The locations consist of user PROM, 
user RAM, bootstrap ROM, control registers, and I/O. User 
PROM is available as either ultraviolet erasable PROM 
(EPROM) or one-time programmable read-only memory 
(OTPROM). The user-defined reset and interrupt vectors 
are located from $1FF4 to $1FFF. 

The shared stack area is used during processing of an 
interrupt or subroutine call to save the CPU state. The 
stack pointer decrements during pushes and increments 
during pulls. Refer to INTERRUPTS for additional infor- 
mation. 

NOTE 

Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 



overwritten due to stacking from an interrupt or 
subroutine call. 

The MCU contains four, selectable memory configu- 
rations. The first configuration is selected automatically 
by reset or power-on reset. The memory configuration is 
selected by the state of the RAMO and RAMI bits in the 
options register ($1FDF). The configurations are selected 
as follows: 
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Figures 4 through 7 illustrate the four memory config- 
urations. 

REGISTERS 

The following paragraphs describe the registers that 
control user options. 

Option Register, $1FDF 

The option register is used to select the IRQ sensitivity, 
enable the PROM security, and select the memory con- 
figuration. 
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RAMO — Random Access Memory Control Bit 0 

1 = Maps 32 bytes of RAM into page zero starting at 
address $0030. Addresses from $0020 to $0030 
are reserved. This deletes 48 bytes of PROM that 
were used at these locations. This bit can be read 
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r$1FDF, RAMI =0 and \ 
(POR or Master Reset) 
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Figure 4. Memory Map #1 



or written at any time, allowing memory config- 
uration to be changed during program execution. 

0 = Provides 48 bytes of PROM at location $0030. 
RAMI — Random Access Memory Control Bit 1 

1 = Maps 96 bytes of RAM into page zero starting at 

address $01 00. This deletes 96 bytes of PROM that 
were used at these locations. This bit can be read 
or written at any time, allowing memory config- 
uration to be changed during program execution. 

0 = Provides 96 bytes of PROM at location $0100. 
SEC — Security 

1 =Bootloader disabled, MCU operates only in sin- 

gle-chip mode 

0 = Security off, bootloader enabled, expanded mode 

enabled 

IRQ — Interrupt Request Bit Sensitivity 

1 = IRQ pin is both negative edge- and level-sensitive 
0 = IRQ pin is negative edge-sensitive only 

IRQ is set only by reset, but can be cleared by soft- 
ware. This bit can only be written once. 



Bit 0, 4, 5 

Always read zero 
Bit 2 

Can be either one or zero 



Program Register, $1C 

The program register ($1C) is used to perform PROM 
programming. 



7 


6 


5 


4 


3 


2 


1 


0 


0 


0 


0 


0 


0 


LAT 


0 


PGM 


RESET: 
0 


0 


0 


0 


0 


0 


0 


0 



LAT — Latch Enable 

1 = Enables PROM data and address bus latches for 
programming or erasing on the next byte write 
cycle. 



MOTOROLA MICROPROCESSOR DATA 
3-1181 



MC68HC705C8 



$001 F 
$0020 



$004F 
$0050 



S00BF 
SOOCO 



$00FF 
$0100 



$1 EFF 
S1F00 



$1FDE 
$1FDF 
$1FE0 



$1FEF 
S1FF0 



S1FF3 
S1FF4 



S1FFF 



I/O 
32 Bytes 



Unused 
16 Bytes 

RAM 
32 Bytes 



RAM 
176 Bytes 



Stack 
64 Bytes 



User 
PROM 
7680 Bytes 



Bootstrap 

ROM 
223 Bytes 

Option Reg 
Bootstrap 

ROM 
Vectors 
16 Bytes 



Unused 
4 Bytes 



User PROM 
Vectors 
12 Bytes 



0031 
0032 



\ 

0079 
0080 



0191 
0192 



0255 
0256 



7935 
7936 



8158 
8159 
8160 



8175 
8176 

8179 
8180 

8191 , 



Ports 
7 Bytes 



Unused 
3 Bytes 



Serial Peripheral 
Interface 
3 Bytes 



Serial 
Communications 
Interface 
5 Bytes 



Timer 
10 Bytes 



Program 



COP 
2 Bytes 



Unused 



0000 



0031 



256 Bytes 



(Option Register $1FDF, RAMI =0 
andRAM0 = 1l 



Port A Data Register 


$00 


Port B Data Register 


$01 


Port C Data Register 


$02 


Port D Fixed Input Register 


$03 


Port A Data Direction Register 


$04 


Port B Data Direction Register 


$05 


Port C Data Direction Register 


$06 


Unused 


$07 


Unused 


$08 


Unused 


$09 


Serial Peripheral Control Register 


$0A 


Serial Peripheral Status Register 


$0B 


Serial Peripheral Data I/O Register 


$0C 


Serial Communications Baud Rate Register 


$0D 


Serial Communications Control Register 1 


$0E 


Serial Communications Control Register 2 


$0F 


Serial Communications Status Register 


$10 


Serial Communications Data Register 


$11 


Timer Control Register 


$12 


Timer Status Register 


$13 


Input Capture High Register 


$14 


Input Capture Low Register 


$15 


Output Compare High Register 


$16 


Output Compare Low Register 


$17 


Counter High Register 


$18 


Counter Low Register 


$19 


Alternate Counter High Register 


$1A 


Alternate Counter Low Register 


$1B 


Program Register 


$1C 


COP Reset Register 


$1D 


COP Control Register 


$1E 


Unused 


$1F 



Figure 5. Memory Map #2 



0 = Latch disabled. PROM data and address buses are 
unlatched for normal CPU operations. 

This bit is both readable and writable. 
PGM — Program 

1=Applies Vpp power to the PROM for program- 
ming. 

0 = Vpp power off 

If LAT is cleared, PGM cannot be set. 
Bits 1,3-7 — Not used 
Always read zero 

Erasing 

OTPROM MCU devices are shipped in an erased state 
and cannot be erased. Electrical erasing procedures can- 
not be performed on these devices. 

EPROM devices can be erased by exposure to a high- 
intensity ultraviolet (UV) light with a wavelength of 2537 
Angstrom. The recommended dose (UV intensity times 
exposure time) is 15Ws/cm 2 . UV lamps should be used 



without shortwave filters, and the EPROM device should 
be positioned about one inch from the UV lamps. 

OTPROM/EPROM Programming 

Figure 8 illustrates the programming sequence. 

The OTPROM or EPROM programming technique can 
be used to load a user program into the MCU. A user 
program contained in external EPROM can be copied into 
the internal PROM of the MC68HC705C8. 

NOTE 

The SEC bit in the option register disables the 
bootstrap loader. 

The MCU device is inserted into the circuit shown in 
Figure 9. A programming routine is selected via switches 
S1 through S4, and Vqd ar >d Vpp applied to the circuit. 
Switch S5 changes the MCU from RESET to RUN mode, 
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$0000 






0000 




Ports 
7 Bytes 




Port A Ddtd Register 


$00 




I/O 








Pnrt R ("lata Dortictor 
rut I D Uald neylilcf 


$01 




32 Bytes 








Port C Ddts Register 


$02 


$001 F 






0031 




Unused 




Port D Fixed Input Register 


$03 










Port A Ddtd Direction Register 


$04 


$0020 






^0032 




3 Bytes 






user 
PROM 


\ 






Port B Data Direction Register 


$05 


$004 F 


48 Bytes 


\ 

0079 








Port C Data Direction Register 


$06 


$0050 






0080 




Serial Peripheral 




Unused 


$07 








V 

\ 

\ 




Interface 
3 Bytes 




Unused 


$08 




RAM 
176 Bytes 






U nused 


$09 










Sendl Peripheral Control Rsgister 


$0A 








\ 


Serial 
Communications 




$00BF 






0191 


\ 




Serial Peripheral Status Register 


$0B 


$00C0 




1 Stack 


0192 


\ 


Interface 
5 Bytes 




Serial Peripheral Data I/O Register 


$0C 






64 Bytes 






Serial Communications Baud Rate Register 


$0D 


$O0FF 




0255 


\ 






$0100 






0256 


\ 


Timer 




Serial Communications Control Register 1 


$0E 


$015F 


96 Bytes 


0351 


\ 


10 Bytes 




Serial Communications Control Register 2 


$0F 










Serial Communications Status Register 


$10 


$0160 






0352 


\ 


Program 














Serial Communications Data Register 












\ 


COP 






User PROM 




\ 


2 Bytes 




Timer Control Register 


$12 




7584 Bytes 




Unused 


0031 


Timer Status Register 


$13 


$1EFF 






7935 






Input Capture High Register 


$14 










\ 


Input Capture Low Register 


$15 


$1F00 






7936 ' 






\ 
\ 




DUUlMldp 

ROM 










$ 16 


$1FDE 
$1 FDF 


223 Bytes 


8158 






\ 


Output Compare Low Register 


$17 


Option Reg 


8159 






\ 
\ 
\ 

\ 

\ 


Counter High Register 


$18 


$1FE0 


Bootstrap 

ROM 
Vectors 


8160 






Counter Low Register 


$19 






• 256 Bytes 




Alternate Counter High Register 


$1A 


$1FEF 


16 Bytes 


8175 






Alternate Counter Low Register 


$1B 


$1FF0 


Unused 


8176 






\ 


Program Register 


SIC 


$1FF3 


4 Bytes 


8179 






\ 


COP Reset Register 


$1D 


$1FF4 


User PROM 
Vectors 


8180 


(Option Register $1FDF, RAMI 
and RAM0 = 0) 


= 1 ^ 


COP Control Register 


$1E 


$1 FFF 


12 Bytes 


8191 , 


\ 


Unused 


$1F 



Figure 6. Memory Map #3 



control transfers to the bootstrap ROM, and the selected 
routine is executed. 

The EPROM programming sequence of events is as 
follows: 

1. Place S5 in the RESET position. 

2. Select routine with S1 through S5. 

3. Apply Vqd and Vpp to the circuit. 

4. Place S5 in the RUN position. 

5. Programming routine is executed. 

6. Place S5 in the RESET position. 

7. Remove Vqd ar| d Vpp, or select and run new rou- 
tine. 

Once in bootstrap mode, the mode switch settings es- 
tablish the routine to be executed. The routines are as 
follows: 

Program and verify PROM 

Verify PROM contents 

Secure PROM 



Load program in RAM and execute 
Dump PROM contents 
Execute program in RAM 



Program and Verify PROM 

The program and verify routine copies the contents of 
an external 8K EPROM into the MCU PROM, with direct 
correspondence between the addresses. Memory ad- 
dresses in the MCU that are not implemented in PROM 
are skipped. Unprogrammed EPROM addresses should 
contain $00 bytes to speed up the programming process. 
During programming, the PROGRAMMING LED (DS2) 
lights. After programming, DS2 turns off and verification 
begins. If the contents of the external EPROM and MCU 
internal PROM exactly match, the VERIFIED LED (DS1) 
lights. If a discrepancy is detected, the routine stops and 
the error address location is placed on the external mem- 
ory address bus. 
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32 Bytes 




$001 F 






0031 


$0020 


Unused 
16 Bytes 


i 0032 
\ 

\ 

0079 




RAM 


$004 F 


32 Bytes 


$0050 






0080 
\ 




RAM 


\ 




176 Bytes 




$00BF 






0191 


$00C0 




1 Stack 


0192 


$00FF 




64 Bytes 


0255 


$0100 


RAM 


0256 


$01 5F 


96 Bytes 


0351 


$0160 






0352 




User PROM 






7584 Bytes 




$ 1 EFF 






7935 


$1F00 


Bootstrap 
ROM 


7936 


$1 FDE 


223 Bytes 


8158 


$1FDF 


Option Reg 


8159 


S1FE0 


Bootstrap 

ROM 
Vectors 


8160 


$1FEF 


16 Bytes 


8175 


$1FF0 


Unused 


8176 


$1FF3 


4 Bytes 


8179 


$1FF4 


User PROM 
Vectors 


8180 


$1FFF 


12 Bytes 


8191 



256 Bytes 



Ports 
7 Bytes 



Unused 
3 Bytes 



Serial Peripheral 
Interface 
3 Bytes 



Serial 
Communications 
Interface 
5 Bytes 



Timer 
10 Bytes 



Program 



COP 
2 Bytes 



0031 



(Option 
RAM0: 



Register S1FDF, RAMI = 1 and \ 
= 1) 



Port A Data Register 


$00 


Port B Data Register 


$01 


Port C Data Register 


$02 


Port D Fixed Input Register 


$03 


Port A Data Direction Register 


$04 


Port B Data Direction Register 


$05 


Port C Data Direction Register 


$06 


Unused 


$07 


Unused 


$08 


Unused 


$09 


Serial Peripheral Control Register 


$0A 


Serial Peripheral Status Register 


$0B 


Serial Peripheral Data I/O Register 


$0C 


Serial Communications Baud Rate Register 


$0D 


Serial Communications Control Register 1 


$0E 


Serial Communications Control Register 2 


$0F 


Serial Communications Status Register 


$10 


Serial Communications Data Register 


$11 


Timer Control Register 


$12 


Timer Status Register 


$13 


Input Capture High Register 


$14 


Input Capture Low Register 


$15 


Output Compare High Register 


$16 


Output Compare Low Register 


$17 


Counter High Register 


$18 


Counter Low Register 


$19 


Alternate Counter High Register 


$1A 


Alternate Counter Low Register 


$1B 


Program Register 


$1C 


COP Reset Register 


$1D 


COP Control Register 


$1E 


Unused 


$1F 



Figure 7. Memory Map #4 



Verify PROM Contents 

The verify PROM routine is normally entered auto- 
matically after the PROM is programmed. Direct entry of 
this routine causes the PROM contents to be compared 
to the contents of external memory locations at the same 
addresses. Both DS1 and DS2 are turned off until veri- 
fication is complete. After verification, DS1 lights. If ver- 
ification fails, the routine halts with the failing address in 
the external memory address bus. 

Secure PROM 

This routine is used after the PROM is successfully pro- 
grammed and verified. Only the SEC bit in the option 
register ($1FDF) is programmed, and the VERIFIED LED 
(DS1) lights to indicate the end of the routine. This does 
not mean that the SEC bit was verified. To ensure that 
security is properly enabled, attempt to perform another 
verify routine. If the proper LED does not light, the PROM 
has been properly secured. 



Load Program in RAM and Execute 

In the load program in RAM and execute routine, user 
programs are loaded via the SCI port, and then executed. 
Data is loaded sequentially, starting at address $0050. 
After the last byte is loaded, control is transferred to the 
RAM program starting at location $0051. The first byte 
loaded is the count of the total number of bytes in the 
program, plus the count byte. The program starts at the 
second location in RAM. During initialization, the SCI is 
configured for NRZ data format (idle line, start bit, 8 data 
bytes, and stop bit). The baud rate is 4800 with a 2-MHz 
crystal. 

Execution can be held off by setting the byte count to 
a value greater than the number of bytes to be loaded. 
After loading the last byte, the firmware waits for more 
data. At this point, S5 can be placed in the RESET posi- 
tion, which resets the MCU with the RAM data intact. All 
other routines can be entered, including the one to ex- 
ecute program in RAM, by selecting the routine desired 
and switching S5 to RUN. 
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Figure 8. OTPROM/EPROM Programming 

Dump PROM Contents 

In the dump PROM contents routine, the PROM con- 
tents are dumped sequentially to the SCI output. The first 
location sent is $0020, and the last location sent is $1 FFF. 
Unused locations are skipped so that no gaps exist in the 
data stream. The external memory address lines indicate 
the current location being sent. Data is sent in NRZ for- 
mat, as in the load program in RAM routine. 

Execute Program in RAM 

This routine allows the MCU to transfer control to a 
program previously loaded in RAM. This program is ex- 
ecuted once bootstrap mode is entered, if switch S4 is 
activated, without any firmware initialization. The pro- 
gram must start at location $0051 to be compatible with 
the load program in RAM routine. 



REGISTERS 

The MCU contains the registers described in the fol- 
lowing paragraphs. 

ACCUMULATOR (A) 

The accumulator is a general-purpose 8-bit register used 
to hold operands and results of arithmetic calculations 
or data manipulations. 



INDEX REGISTER (X) 

The index register is an 8-bit register used for the in- 
dexed addressing mode. It contains an 8-bit value that 
maybe added to an 8- or 16-bit immediate value to create 
an effective address. The index register may also be used 
as a temporary storage area. 



PROGRAM COUNTER (PC) 

The program counter is a 13-bit register that contains 
the address of the next byte to be fetched. 

12 0 



PC 



STACK POINTER (SP) 

The stack pointer is a 13-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set to location $00FF. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

When accessing memory, the seven most significant 
bits are permanently set to 000001 1 . These seven bits are 
appended to the six least significant register bits to pro- 
duce an address within the range of $00FF to $O0CO. 
Subroutines and interrupts may use up to 64 (decimal) 
locations. If 64 locations are exceeded, the stack pointer 
wraps around and loses the previously stored informa- 
tion. A subroutine call occupies two locations on the stack; 
an interrupt uses five locations. 



12 










7 


0 


0 


0 


0 


0 


0 


1 


1 


SP 



CONDITION CODE REGISTER (CCR) 

The CCR is a 5-bit register in which four bits are used 
to indicate the results of the instruction just executed. 
These bits can be individually tested by a program, and 
specific actions can be taken as a result of their state. 
Each bit is explained in the following paragraphs. 



CCR 



H 


I 


N 


Z 


C 



Half Carry (H) 

This bit is set during ADD and ADC operations to in- 
dicate that a carry occurred between bits 3 and 4. 

Interrupt (I) 

When this bit is set, the timer and external interrupt is 
masked (disabled). If an interrupt occurs while this bit is 
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Dump PROM Contents 


1 


0 


1 


0 


Secure PROM 


X 


X 


X 


1 


Execute Program in RAM 



Figure 9. PROM Programming Circuit 
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set, the interrupt is latched and processed as soon as the 
interrupt bit is cleared. 

Negative (N) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative 
(bit 7 in the result is a logic one). 

Zero (Z) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 

Carry/Borrow (C) 

When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during 
bit test and branch instructions and during shifts and 
rotates. 

RESETS 

The MCU can be reset in the following four ways: 

1. An internal, power-on condition. 

2. An external, active-low input on the RESET pin. 

3. An internal computer operating properly (COP) 
watchdog timer reset condition. 

4. An internal clock monitor reset condition. 

POWER-ON RESET (POR) 

An internal reset is generated on powerup to allow the 
internal clock generator to stabilize. The power-on reset 
is strictly for power turnon conditions and should not be 
used to detect a drop in the power supply voltage. There 
is a 4064 internal processor clock cy cle (t C y C ) delay after 
the oscillator becomes active. If the RESET pin is low at 
the end of 406 4 t cvc , the MCU will remain in the reset 
condition until RESET goes high. 

EXTERNAL RESET INPUT 

The MCU is reset when a logic zero is applied to the 
RESET input for a period of one and one-half machine 
cycles (t cyc ). 

Computer Operating Properly (COP) Watchdog Timer Re- 
set 

The MCU includes a COP watchdog timer to help pro- 
tect against software failures. Once the COP is enabled, 
a COP reset sequence must be executed on a periodic 
basis so the COP does not time out. Since the COP timer 



uses the internal bus clock, a clock monitor is included 
to guard against clock failure. 

The COP reset register ($1D) and the COP control reg- 
ister ($1E) shown below are used to control the COP 
watchdog timer and clock monitor functions. 

COP Reset Register (ID) 

7 6 5 4 3 2 1 0 



RESET: 
0 



0 



The sequence required to reset the COP timer is as 
follows: 

Write $55 to the COP reset register 

Write $AA to the COP reset register 
Both write operations must occur in the order listed, 
but any number of instructions may be executed between 
the two write operations. The elapsed time between soft- 
ware resets must not be greater than the COP timeout 
period. Reading the COP reset register does not return 
valid data and does not affect the watchdog timer. 

COP Control Register (1E) 
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COPF 


CME 


COPE 


CM1 


CMO 


RESET. 
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0 


0 



COPF — Computer Operating Properly 

1 =COP or clock monitor reset has occurred 

0 = No COP or clock monitor reset has occurred 
Reading the COP control register clears COPF 

CME — Clock Monitor Enable 

1 = Clock monitor enabled 
0= Clock monitor disabled 

CME is readable and writable at any time 

COPE — Computer Operating Properly Enable 
1 =COP timeout enabled 
0 = COP timeout disabled 

CM1 — Computer Operating Properly Mode 1 

Used in conjunction with CMO to establish the COP 
timeout period. CM1 can be read and set anytime, 
but is cleared only by reset. See Table 2. 

CMO — Computer Operating Properly Mode 0 

Used in conjunction with CM1 to establish the COP 
timeout period. CMO can be read and set anytime, 
but is cleared only by reset. See Table 2. 

Bits 5-7 — Not used 
Always read zero 



Table 2. COP Timeout Period 



CM1 


CMO 


E/2 15 
Divided By 


XTAL = 4.0 MHz, 
E = 2.0 MHz 


XTAL= 3.5795 MHz, 
E = 1.7897 MHz 


XTAL=2.0 MHz, 
E=1.0 MHz 


XTAL=1.0 MHz, 
E=0.5 MHz 


0 


0 


1 


16.38 ms 


18.31 ms 


32.77 ms 


65.54 ms 


0 


1 


4 


65.54 ms 


73.24 ms 


131.07 ms 


262.14 ms 


1 


0 


16 


262.14 ms 


292.95 ms 


524.29 ms 


1.048 s 


1 


1 


64 


1.048 s 


1.172 s 


2.097 s 


4.194 s 
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Clock Monitor Reset 

When the CME bit in the COP control register is set, 
the clock monitor detects the absence of the internal bus 
clock for a certain period of time. The timeout period 
depends on processing parameters and varies from 5 to 
100 p-s, which implies that systems using a bus clock rate 
of 200 kHz or less should not use the clock monitor func- 
tion. 

If a slow or absent clock is detected, the clock monitor 
causes a system reset. The reset is issued to the e xternal 
system for four bus cycles via the bidirectional RESET 
pin. 

Special consideration is required when using the STOP 
instruction with the clock monitor. Since STOP causes 
the system clocks to halt, the clock monitor issues a sys- 
tem reset when STOP is executed. 

The clock monitor is a useful backup to the COP watch- 
dog timer. Since the watchdog timer requires a clock to 
function, the timer will not indicate any failure if the sys- 
tem clocks fail. The clock monitor would detect such a 
failure and force the MCU to a reset state. Clocks are not 
required for the MCU to reach a reset condition, although 
clocks are required to sequence through reset back to the 
run condition. 



INTERRUPTS 

The MCU can be interrupted five diffe rent ways: the 
four maskable hardware interrupts (IRQ, SPI, SCI, and 
timer) and the nonmaskable software interrupt instruc- 
tion (SWI). 

Interrupts cause the processor to save register contents 
on the stack and to set the interrupt mask (I bit) to prevent 
additional interrupts. The RTI instruction causes the reg- 
ister contents to be recovered from the stack and normal 
processing to resume. The stacking order is shown in 
Figure 10; 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted but are con- 
sidered pending until the current instruction is complete. 

NOTE 

The current instruction is the one already fetched 
and being operated on. 



When the current instruction is complete, the processor 
checks all pending hardware interrupts. If unmasked (I 
bit clear) and if the corresponding interrupt enable bit is 
set, the processor proceeds with interrupt processing; 
otherwise, the next instruction is fetched and executed. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex- 
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction, regardless of the l-bit state. 
Refer to Figure 11 for the reset and interrupt instruction 
processing sequence. 

TIMER INTERRUPT 

There are three different timer interrupt flags that cause 
a timer interrupt whenever they are set and enabled. The 
interrupt flags are in the timer status register (TSR), and 
the enable bits are in the timer control register (TCR). 
Refer to TIMER for more information. 

EXTERNAL INTERRUPT 

If the interrupt mask bit (I bit) of the CCR is set, all 
interrupts are disabled. Clearing the I bit enables the ex- 
ternal interrupt. The external interrupt is internally syn- 
chronized and then latched on the falling edge of IRQ. 
The action of the external interrupt is identical to the timer 
interrup t wi th the exception that the interrupt request 
input at IRQ is latched internally and the service routine 
address is specified by the contents of $1 FFA and $1 FFB. 

Either a level-sensitive and edge-sensitive trigger, or 
an edge-sensitive-only trigger are available as a software 
option. See Option Register for more information. Figure 
12 shows both a functional internal diagram and a mode 
timing diagram for the interrupt line. The timing diagram 
shows two treatments of the interrupt line to the pro- 
cessor. The first method shows a single pulse on the 
interrupt line spaced far enough apart to be serviced. The 
minimum time between pulses is a function of the length 
of the interrupt service. Once a pulse occurs, the next 
pulse should not occur until an RTI occurs. This time 
<t|i_|i_> is obtained by adding 21 instruction cycles to the 
total number of cycles it takes to complete the service 
routine (not including the RTI instruction). The second 
method shows many interrupt lines "wire-ORed" to form 
the interrupts at the processor. If the interrupt line re- 
mains low after servicing an interrupt, then the next in- 
terrupt is recognized. 

0 Stack 



Increasing Memory 
Addresses 



nn 



1 I Condition Code Register 



Accumulator 



Index Register 



0 0 0 



PCH 



PCL 



Unstack 



Decreasing Memory 
Addresses 



NOTE- Since the Stack Pointer decrements during pushes, the PCL is 
stacked first, followed by PCH, etc Pulling from the stack is 
in the reverse order. 



Figure 10. Interrupt Stacking Order 
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Figure 11. Reset and Interrupt Processing Flowchart 
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(a) Interrupt Internal Function Diagram 
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Edge-Sensitive Trigger Condition 

The minimum pulse width Uilih' ls either 
125 ns ( V D d = 5 V) or 250 ns < V DD = 3 V) . 
The penod t||_iL should not be less than 
the number of tcyc cycles it takes to ex- 
ecute the interrupt service routine plus 21 
tcy C cycles 

Level-Sensitive Trigger Condition 

If after servicing an interrupt the TSQ re- 
mains low, then the next interrupt is 
recognized 



Normally 
Used with 
Wire-ORed 
Connection 



(b) Interrupt Mode Diagram 



Figure 12. External Interrupt 



NOTE 

The internal interrupt latch is cleared in the first part 
of the interrupt service routine; therefore, one ex- 
ternal interrupt pulse could be latched and serviced 
as soon as the I bit is cleared. 

SOFTWARE INTERRUPT (SWI) 

The SWI is an executable instruction that is executed 
regardless of the state of the I bit in the CCR. If the I bit 
is zero, SWI executes after the other interrupts. The SWI 
operation is similar to the hardware interrupts. The in- 
terrupt service routine address is specified by the con- 
tents of memory locations $1FFC and $1FFD. 

SCI INTERRUPTS 

An interrupt in the SCI occurs when one of the interrupt 
flag bits in the serial communications status register is 
set, provided the I bit in the CCR is clear and the enable 
bit in the serial communications control register 2 is set. 



Software in the serial interrupt service routine must de- 
termine the cause and priority of the SCI interrupt by 
examining the interrupt flags and status bits in the SCI 
status register. 

SPI INTERRUPTS 

An interrupt in the SPI occurs when one of the interrupt 
flag bits in the serial peripheral status register is set, 
provided the I bit in the CCR is clear and the enable bit 
in the serial peripheral control register is set. Software 
in the serial peripheral interrupt service routine must de- 
termine the cause and priority of the SPI interrupt by 
examining the interrupt flag bits in the SPI status register. 



LOW-POWER MODES 

STOP 

The STOP instruction places the MCU in its lowest power 
consumption mode. In the STOP mode, the internal 
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oscillator is turned off, halting all internal processing 
including timer, SCI, and SPI operation (refer to Figure 
13). 

During the STOP mode, the TCR bits are altered to 
remove any pending timer interrupt request and to dis- 
able any further timer interrupts. The timer prescaler is 
cleared. The I bit in the CCR is cleared to enable external 
interrupts. All other registers and memory remain unal- 
tered. All input/output lines remain unchanged. The pro- 
cessor can be brought out of the STOP mode only by an 
external interrupt or reset. 

SCI during STOP Mode 

When the MCU enters the STOP mode, the baud rate 
generator stops, halting all SCI activity. If the STOP in- 
struction is executed during a transm itter transfer, that 
transfer is halted. If a low input to the IRQ pin is used to 
exit STOP mode, the transfer resumes. If the SCI receiver 
is receiving data and the STOP mode is entered, received 
data sampling stops because the baud rate generator 
stops, and all subsequent data is lost. For these reasons, 
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Figure 13. STOP Function Flowchart 



all SCI transfers should be in the idle state when the STOP 
instruction is executed. 

SPI during Stop Mode 

When the MCU enters the STOP mode, the baud rate 
generator stops, terminating all master mode SPI oper- 
ations. If the STOP instruction is executed during an SPI 
transfer, that transfer halts until the MCU exits the STOP 
mode by a low signal on the IRQ pin. If reset is used to 
exit the STOP mode, then the SPI control and status bits 
are cleared, and the SPI is disabled. If the MCU is in the 
slave mode when the STOP instruction is executed, the 
slave SPI continues to operate and can still accept data 
and clock information in addition to transmitting its own 
data back to a master device. 

At the end of a possible transmission with a slave SPI 
in the STOP mode, no flags are set until a low on the IRQ 
pin wakes up the MCU. Caution should be observed when 
operating the SPI as a slave during the STOP mode be- 
cause the protective circuitry (WCOL, MODF, etc.) is in- 
active. 

WAIT 

The WAIT instruction places the MCU in a low-power 
consumption mode, but the WAIT mode consumes more 
powerthan the STOP mode. All CPU action is suspended, 
but the timer, SCI, and SPI remain active (refer to Figure 
14). An interrupt from the timer, SCI, or SPI can cause 
the MCU to exit the WAIT mode. 

During the WAIT mode, the I bit in the CCR is cleared 
to enable interrupts. All other registers, memory, and 
input/output lines remain in their previous state. The timer 
may be enabled to allow a periodic exit from the WAIT 
mode. 

DATA RETENTION MODE 

The contents of RAM and CPU registers are retained 
at supply voltages as low as 2.0 Vdc. This is called the 
data retention mode where the data is held, but the device 
is not guaranteed to operate. The MCU should be in RESET 
during data retention mode. 



TIMER 

The timer consists of a 16-bit, software-programmable 
counter driven by a fixed divide-by-four prescaler. This 
timer can be used for many purposes, including input 
waveform measurements while simultaneously gener- 
ating an output waveform. Pulse widths can vary from 
several microseconds to many seconds. Refer to Figure 
15 for a timer block diagram. 

Because the timer has a 16-bit architecture, each spe- 
cific functional segment (capability) isrepresented by two 
registers. These registers contain the high and low byte 
of that functional segment. Generally, accessing the low 
byte of a specific timer function allows full control of that 
function; however, an access of the high byte inhibits 
that specific timer function until the low byte is also ac- 
cessed. 
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Figure 14. WAIT Function Flowchart 



NOTE 

The I bit in the CCR should be set while manipu- 
lating both the high and low byte register of a spe- 
cific timer function to ensure that an interrupt does 
not occur. 

COUNTER 

The key element in the programmable timer is a 16- 
bit, free-running counter or counter register, preceded by 
a prescaler that divides the internal processor clock by 
four. The prescaler gives the timer a resolution of 2.0 
microseconds if the internal bus clock is 2.0 MHz. The 
counter is incremented during the low portion of the in- 
ternal bus clock. Software can read the counter at any 
time without affecting its value. 

The double-byte, free-running counter can be read from 
either of two locations, $18— $19 (counter register) or 



$1A-$1B (counter alternate register). A read from only 
the least significant byte (LSB) of the free-running counter 
($19, $1 B) receives the count value at the time of the read. 
If a read of the free-running counter or counter alternate 
register first addresses the most significant byte (MSB) 
($18, $1A), the LSB ($19, $1B) is transferred to a buffer. 
This buffer value remains fixed after the first MSB read, 
even if the user reads the MSB several times. This buffer 
is accessed when reading the free-running counter or 
counter alternate register LSB ($19 or $1B) and, thus, 
completes a read sequence of the total counter value. In 
reading either the free-running counter or counter alter- 
nate register, if the MSB is read, the LSB must also be 
read to complete the sequence. 

The counter alternate register differs from the counter 
register in one respect: a read of the counter register MSB 
can clear the timer overflow flag (TOF). Therefore, the 
counter alternate register can be read at any time without 
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Figure 15. Timer Block Diagram 



the possibility of missing timer overflow interrupts due 
to clearing of the TOF. 

The free-running counter is configured to $FFFC during 
reset and is always a read-only register. During a power- 
on reset, the counter is also preset to $FFFC and begins 
running after the oscillator start-up delay. Because the 
free-running counter is 16 bits preceded by a fixed divide- 
by-four prescaler, the value in the free-running counter 
repeats every 262,144 internal bus clock cycles. When the 
counter rolls over from $FFFF to $0000, the TOF bit is set. 
An interrupt can also be enabled when counter rollover 
occurs by setting its interrupt enable bit (TOIE). 

OUTPUT COMPARE REGISTER 

The 16-bit output compare register is made up of two 
8-bit registers at locations $16 (MSB) and $17 (LSB). The 
output compare register is used for several purposes, 
such as indicating when a period of time has elapsed. All 
bits are readable and writable and are not altered by the 



timer hardware or reset. If the compare function is not 
needed, the two bytes of the output compare register can 
be used as storage locations. 

The output compare register contents are compared 
with the contents of the free-running counter continually, 
and if a match is found, the corresponding output com- 
pare flag (OCF) bit is set and the corresponding output 
level (OLCL) bit is clocked to an output level register. The 
output compare register values and the output level bit 
should be changed after each successful comparison to 
establish a new elapsed timeout. An interrupt can also 
accompany a successful output compare provided the 
corresponding interrupt enable bit (OCIE) is set. 

After a processor write cycle to the output compare 
register containing the MSB ($16), the output compare 
function is inhibited until the LSB ($17) is also written. 
The user must write both bytes (locations) if the MSB is 
written first. A write made only to the LSB ($17) will not 
inhibit the compare function. The free-running counter is 
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updated every four internal bus clock cycles. The mini- 
mum time required to update the output compare reg- 
ister is a function of the program rather than the internal 
hardware. 

The processor can write to either byte of the output 
compare register without affecting the other byte. The 
output level (OLVL) bit is clocked to the output level reg- 
ister regardless of whether the output compare flag (OCF) 
is set or clear. 

INPUT CAPTURE REGISTER 

Two 8-bit registers, which make up the 16-bit input 
capture register, are read-only and are used to latch the 
value of the free-running counter after the corresponding 
input capture edge detector senses a defined transition. 
The level transition which triggers the counter transfer is 
defined by the corresponding input edge bit (IEDG). Reset 
does not affect the contents of the input capture register. 

The result obtained by an input capture will be one 
more than the value of the free-running counter on the 
rising edge of the internal bus clock preceding the ex- 
ternal transition. This delay is required for internal syn- 
chronization. Resolution is one count of the free-running 
counter, which is four internal bus clock cycles. 

The free-running counter contents are transferred to 
the input capture register on each proper signal transition 
regardless of whether the input capture flag (ICF) is set 
or clear. The input capture register always contains the 
free-running counter value that corresponds to the most 
recent input capture. 

After a read of the input capture register ($14) MSB, 
the counter transfer is inhibited until the LSB ($15) is also 
read. This characteristic causes the time used in the input 
capture software routine and its interaction with the main 
program to determine the minimum pulse period. 

A read of the input capture register LSB ($15) does not 
inhibit the free-running counter transfer since they occur 
on opposite edges of the internal bus clock. 

TIMER CONTROL REGISTER (TCR) $12 

The TCR is a read/write register containing five control 
bits. Three bits control interrupts associated with the timer 
status register flags ICF, OCF, and TOF. 
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ICIE — Input Capture Interrupt Enable 
1 = Interrupt enabled 

0 = Interrupt disabled 

OCIE — Output Compare Interrupt Enable 

1 = Interrupt enabled 

0 = Interrupt disabled 

TOIE — Timer Overflow Interrupt Enable 

1 = Interrupt enabled 
0 = Interrupt disabled 

IEDG — Input Edge 
Value of input edge determines which level transition 
on TCAP pin will trigger free-running counter transfer 



to the input capture register 
1 = Positive edge 

0 = Negative edge 

Reset does not affect te IEDG bit (U = unaffected). 
OLVL — Output Level 
Value of output level is clocked into output level reg- 
ister by the next successful output compare and will 
appear on the TCMP pin 

1 = High output 
0 = Low output 

Bits 2, 3, and 4 — Not used 
Always read zero 

TIMER STATUS REGISTER (TSR) $13 

The TSR is a read-only register containing three status 
flag bits. 
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ICF — Input Capture Flag 

1 = Flag set when selected polarity edge is sensed by 
input capture edge detector 

0 = Flag cleared when TSR and input capture low reg- 

ister ($15) are accessed 
OCF — Output Compare Flag 

1 = Flag set when output compare register contents 

match the free-running counter contents 

0 = Flag cleared when TSR and output compare low 

register ($17) are accessed 
TOF — Timer Overflow Flag 

1 = Flag set when free-running counter transition from 

$FFFF to $0000 occurs 
0 = Flag cleared when TSR and counter low register 
($19) are accessed 
Bits 0-4 — Not used 
Always read zero 

Accessing the timer status register satisfies the first 
condition required to clear status bits. The remaining step 
is to access the register corresponding to the status bit. 

A problem can occur when using the timer overflow 
function and reading the free-running counter at random 
times to measure an elapsed time. Without incorporating 
the proper precautions into software, the timer overflow 
flag could unintentionally be cleared if: 

1) The timer status register is read or written when 
TOF is set, and 

2) The LSB of the free-running counter is read but not 
for the purpose of servicing the flag. 

The counter alternate register at address $1A and $1B 
contains the same value as the free-running counter (at 
address $18 and $19); therefore, this alternate register 
can be read at any time without affecting the timer ov- 
erflow flag in the timer status register. 

TIMER DURING WAIT MODE 

The CPU clock halts during the WAIT mode, but the 
timer remains active. An interrupt from the timer causes 
the processor to exit the WAIT mode. 
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TIMER DURING STOP MODE 

In the STOP mode, the timer stops counting and holds 
the last count value if STOP is exited by an interrupt. If 
RESET is used, the counter is forced to $FFFC. During 
STOP, if at least one valid input capture edge occurs at 
the TCAP pin, the input capture detect circuit is armed. 
This does not set any timer flags nor wake up the MCU, 
but when the MCU does wake up, there is an active input 
capture flag and data from the first valid edge that oc- 
curred during the STOP mode. If RESET is used to exit 
STOP mode, then no input capture flag or data remains, 
even if a valid input capture edge occurred. 



• Transmit complete flag 

• Break send 

Any SCI two-wire system requires receive data in (RDI) 
and transmit data out (TDO). 

DATA FORMAT 

Receive data in (RDI) or transmit data out (TDO) is the 
serial data presented between the internal data bus and 
the output pin (TDO) and between the input pin (RDI) and 
the internal data bus. Data format is as shown for the 
NRZ in Figure 16. 



SERIAL COMMUNICATIONS INTERFACE 

A full-duplex asynchronous SCI is provided with a 
standard NRZ format and a variety of baud rates. The SCI 
transmitter and receiver are functionally independent but 
use the same data format and baud rate. The terms baud 
and bit rate are used synonymously in the following de- 
scription. 

SCI TWO-WIRE SYSTEM FEATURES 

• Standard NRZ (mark/space) format 

• Advanced error detection method includes noise de- 
tection for noise duration of up to one-sixteenth bit 
time 

o Full-duplex operation (simultaneous transmit and re- 
ceive) 

• Software programmable for one of 32 different baud 
rates 

o Software-selectable word length (eight- or nine-bit 
words) 

• Separate transmitter and receiver enable bits 

• SCI may be interrupt driven 

• Four separate interrupt conditions 

SCI RECEIVER FEATURES 

• Receiver wake-up function (idle or address bit) 

• Idle line detect 

• Framing error detect 

• Noise detect 

• Overrun detect 

• Receiver data register full flag 

SCI TRANSMITTER FEATURES 

• Transmit data register empty flag 



WAKE-UP FEATURE 

In a typical multiprocessor configuration, the software 
protocol will usually identify the addressee(s) at the be- 
ginning of the message. To permit uninterested MPUs to 
ignore the remainder of the message, a wake-up feature 
is included, whereby all further SCI receiver flag (and 
interrupt) processing can be inhibited until its data line 
returns to the idle state. An SCI receiver is re-enabled by 
an idle string of at least ten (or eleven) consecutive ones. 
Software for the transmitter must provide for the required 
idle string between consecutive messages and prevent 
it from occurring within messages. 

A second wake-up method is available in which sleep- 
ing SCI receivers can be awakened by a logic one in the 
high-order bit of a received character. 

RECEIVE DATA IN 

Receive data in (RDI) is the serial data which is pre- 
sented from the input pin via the SCI to the receive data 
register (RDR). While waiting for a start bit, the receiver 
samples the input at a rate 16 times higher than the set 
baud rate. This increased rate is referred to as the RT 
rate. When the input (idle) line is detected low, it is tested 
for three more sample times. If at least two of these three 
samples detect a logic low, a valid start bit is assumed 
to be detected. If in two or more samples, a logic high is 
detected, the line is assumed to be idle. The receive clock 
generator is controlled by the baud rate register (see Fig- 
ure 17); however, the SCI is synchronized by the start bit 
independent of the transmitter. Once a valid start bit is 
detected, the start bit, each data bit, and the stop bit are 
each sampled three times. The value of the bit is deter- 
mined by voting logic, which takes the value of a majority 
of samples. A noise flag is set when all three samples on 
a valid start bit, data bit, or stop bit do not agree. A noise 



Control bit "M" 
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* Stop bit is always high. 
Figure 16. Data Format 
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flag is also set when the start verification samples do not 
agree. 

START BIT DETECTION FOLLOWING A FRAMING ERROR 

If there has been a framing error (FE) without detection 
of a break (10 zeros for 8-bit format or 11 zeros for a 9- 
bit format), the circuit continues to operate as if there 
actually were a stop bit, and the start edge will be placed 
artificially. The last bit received in the data shift register 
is inverted to a logic one, and the three logic-one start 
qualifiers are forced into the sample shift register during 
the interval when detection of a start bit is anticipated; 
therefore, the start bit will be accepted no sooner than it 
is anticipated. 

If the receiver detects that a break (RDRF = 1, FE = 1, 
receiver data register = $00) produced the framing error, 
the start bit will not be artificially induced, and the re- 
ceiver must actually receive a logic one before start. 

TRANSMIT DATA OUT 

Transmit data out (TDO) is the serial data presented 
from the transmit data register (TDR) via the SCI to the 
output pin. The transmitter generates a bit time by using 
a derivative of the RT clock, producing a transmission 
rate equal to one-sixteenth that of the receiver sample 
clock. 

FUNCTIONAL DESCRIPTION 

A block diagram of the SCI is shown in Figure 17. The 
user has option bits in the serial communications control 
register 1 (SCCR1 ) to determine the SCI wake-up method 
and data word length. Serial communications control 
register 2 (SCCR2) provides control bits that individually 
enable/disable the transmitter or receiver, enable system 
interrupts, and provide wake-up enable, and send break 
code bits. The baud rate register bits allow the user to 
select different baud rates, which are used as the rate 
control for the transmitter and receiver. 

Data transmission is initiated by a write to the serial 
communications data register (SCDAT). Provided the 
transmitter is enabled, data stored in the SCDAT is trans- 
ferred to the transmit data shift register. This data transfer 
sets the SCI status register (SCSR) transmit data register 
empty (TDRE) bit and generates an interrupt if the trans- 
mit interrupt is enabled. Data transfer to the transmit data 
shift register is synchronized with the bit rate clock. All 
data is transmitted LSB first. Upon completion of data 
transmission, the transmission complete (TC) bit is set 
(provided no pending data, preamble, or break code is 
sent), and an interrupt is generated if the transmit com- 
plete interrupt is enabled. If the transmitter is disabled, 
and the data, preamble, or break code has been sent, the 
TC bit will also be set, which will also generate an inter- 
rupt if the TCIE bit is set. If the transmitter is disabled in 
the middle of a transmission, that character will be com- 
pleted before the transmitter gives up control of the TDO 
pin. 

When the SCDAT is read, it contains the last data byte 
received, provided that the receiver is enabled. The SCSR 
receive data register full (RDRF) bit is set to indicate that 



a data byte is transferred from the input serial shift reg- 
ister to the SCDAT, which can cause an interrupt if the 
receiver interrupt is enabled. Data transfer from the input 
serial shift register to the SCDAT is synchronized by the 
receiver bit rate clock. The SCSR overrun (OR), noise flag 
(NF), or FE bits are set if data reception errors occur. 

An idle line interrupt is generated if the idle line inter- 
rupt is enabled and the SCSR IDLE bit (which detects idle 
line transmission) is set. This allows a receiver that is not 
in the wake-up mode to detect the end of a message, the 
preamble of a new message, or to resynchronize with 
the transmitter. A valid character must be received before 
the idle line condition for the IDLE bit to be set and for 
an idle line interrupt to be generated. 

REGISTERS 

There are five registers used in the SCI; the internal 
configuration of these registers is discussed in the fol- 
lowing paragraphs. 

Serial Communications Data Register (SCDAT) $11 

The SCDAT is a read/write register used to receive and 
transmit SCI data. 

7 6 5 4 3 2 1 0 



SCD7 


SCD6 


SCD5 


SCD4 


SCD3 


SCD2 


SCD1 


SCDO 


RESET 
U 


U 


U 


U 


U 


U 


U 


U 



As shown in Figure 17, SCDAT functions as two sep- 
arate registers. The transmit data register (TDR) provides 
the parallel interface from the internal data bus to the 
transmit shift register. The receive data register (RDR) 
provides the interface from the receive shift register to 
the internal data bus. 

Serial Communications Control Register 1 (SCCR1) $OE 

The SCCR1 provides control bits that determine word 
length and select the wake-up method. 
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R8 — Receive Data Bit 8 

R8 bit provides storage location for the ninth bit in the 

receive data byte (if M = 1). 
T8 — Transmit Data Bit 8 

T8 bit provides storage location for the ninth bit in the 

transmit data byte (if M = 1). 
M — SCI Character Word Length 

1 =one start bit, nine data bits, one stop bit 

0 = one start bit, eight data bits, one stop bit 
WAKE — Wake-Up Select 

Wake bit selects the receiver wake-up method. 

1 = Address bit (most significant bit) 
0 = Idle line condition 

Bits 0-2, and 5 — Not used 
Can read either one or zero 
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NOTE The Serial Communications Data Register (SCDATI is controlled by the internal R/W signal It is the transmit data register when 
written and receive data register when read 



Figure 17. SCI Block Diagram 
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The address bit is dependent on both the wake-bit and 
the M-bit level. Additionally, the receiver does not use 
the wake-up feature unless the RWU control bit in SCCR2 
is set. 



Wake 


M 


Receiver Wake-Up 


0 


X 


Detection of an idle line allows the next data 
byte received to cause the receive data reg- 
ister to fill and produce an RDRF flag. 


1 


0 


Detection of a received one in the eighth 
data bit allows an RDRF flag and associated 
error flags. 


1 


1 


Detection of a received one in the ninth data 
bit allows an RDRFflag and associated error 
flags. 




Serial Communications Control Register 2 (SCCR2) $OF 

The SCCR2 provides control of individual SCI functions 
such as interrupts, transmit/receive enabling, receiver 
wake-up, and break code. 
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TIE — Transmit Interrupt Enable 
1 =SCI interrupt enabled 

0 = TDRE interrupt disabled 

TCIE — Transmit Complete Interrupt Enable 

1 =SCI interrupt enabled 

0 = TC interrupt disabled 
RIE — Receive Interrupt Enable 

1 = SCI interrupt enabled 

0 = RDRF and OR interrupts disabled 
ILIE — Idle Line Interrut Enable 

1 =SCI interrupt enabled 

0 = Idle interrupt disabled 
TE — Transmit Enable 

1 = Transmit shift register output is applied to the TDO 

line. Depending upon the SCCR1 M bit, a pream- 
ble of 10 (M = 0) or 11 (M = 1) consecutive ones is 
transmitted. 

0 = Transmitter disabled after last byte is loaded in 
the SCDAT and TDRE is set. After last byte is 
transmitted, TDO line becomes a high-impedance 
line. 
Receive Enable 

= Receiver shift register input is applied to the RDI 
line. 

= Receiver disabled and RDRF, IDLE, OR, NF, and 

FE status bits are inhibited. 
— Receiver Wake-Up 

= Places receiver in sleep mode and enables wake- 
up function 

= Wake-up function disabled after receiving data 
word with MSB set (if WAKE = 1) 
Wake-up function also disabled after receiving 10 
(M = 0) or 1 1 (M = 1 ) consecutive ones (if WAKE = 0) 



RE — 
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SBK — Send Break 

1 =Transmitter continually sends blocks of zeros (sets 
of 10 or 11) until cleared. Upon completion of 
break code, transmitter sends one high bit for rec- 
ognition of valid start bit. 

0 = Transmitter sends 10 (M = 0) or 11 (M = 1) zeros 
then reverts to an idle state or continues sending 
data. If transmitter is empty and idle, setting and 
clearing the SBK bit may queue up to two char- 
acter times of break because the first break trans- 
fers immediately to the shift register, and the 
second is queued into the parallel transmit buffer. 

Serial Communications Status Register (SCSR) $10 

The SCSR provides inputs to the SCI interrupt logic 
circuits. Noise flag and framing error bits are also con- 
tained in the SCSR. 



0 



TDRE 


TC 


RDRF 


IDLE 


OR 


NF 


FE 





RESET: 

1 1 0 0 0 0 0 — 

TDRE — Transmit Data Register (TDR) Empty 

1 = TDR contents transferred to the transmit data shift 
register 

0 = TDR still contains data. TDRE is cleared by reading 
the SCSR (with TDRE = 1), followed by a write to 
the TDR. 
Transmit Complete 

= Indicates end of data frame, preamble, or break 

condition has occurred 
= TC bit cleared by reading the SCSR (with TC= 1), 

followed by a write to the TDR 
— Receive Data Register (RDR) Full 
= Receive data shift register contents transferred to 
the RDR 

= Receive data shift register transfer did not occur. 
RDRF is cleared by reading the SCSR (with 
RDRF = 1 ) followed by a read of the RDR 
Idle Line Detect 

Indicates receiver has detected an idle line 
= IDLE is cleared by reading the SCSR (with IDLE = 1 ), 
followed by a read of the RDR. Once IDLE is 
cleared, IDLE cannot be set until RDI line becomes 
active and idle again. 
Overrun Error 

= Indicates receive data shift register data is sent to 
a full RDR (RDRF=1). Data causing the overrun 
is lost, and RDR data is not disturbed. 
= OR is cleared by reading the SCSR (with OR = 1), 
followed by a read of the RDR. 
Noise Flag 

= Indicates noise is present on the receive bits, in- 
cluding the start and stop bits. NF is not set until 
RDRF= 1. 

0 = NF is cleared by reading the SCSR (with NF = 1), 

followed by a read of the RDR. 
FE — Framing Error 

1 = Indicates stop bit not detected in received data 

character. FE is set the same time RDRF is set. If 



TC — 
1 

0 



RDRF 
1 



IDLE — 
1 
0 



OR - 
1 



NF — 
1 
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received byte causes both framing and overrun 
errors, processor will only recognize the overrun 
error. Further data transfer into the RDR is inhib- 
ited until FE is cleared. 
0 = NF is cleared by reading the SCSR (with FE = 1), 
followed by a read of the RDR. 
Bit 0 — Not used 
Can read either one or zero 



bits. Prescaler internal processor clock division ver- 
sus bit levels are listed in Table 2. 

SCRO — SCI Baud Rate Bit 0 

SCR1 — SCI Baud Rate Bit 1 

SCR2 — SCI Baud Rate Bit 2 

Three baud rate bits are used to select the baud rates 
of the SCI transmitter and SCI receiver. Baud rates 
versus bit levels are listed in Table 3. 



Baud Rate Register SOD 

The baud rate register is used to select the SCI trans- 
mitter and receiver baud rate. SCPO and SCP1 prescaler 
bits are used in conjunction with the SCRO through SCR2 
baud rate bits to provide multiple baud rate combinations 
for a given crystal frequency. Bits 3, 6, and 7 always read 
zero. 

7 6 5 4 3 2 1 0 







SCP1 


SCPO 




SCR2 


SCR1 


SCRO 


RESET: 




0 


0 




U 


u 


u 



SCPO — SCI Prescaler Bit 0 

SCP1 — SCI Prescaler Bit 1 

Two prescaler bits are used to increase the range of 
standard baud rates controlled by the SCR0-SCR2 



Tables 3 and 4 tabulate the divide chain used to obtain 
the baud rate clock (transmit clock). The actual divider 
chain is controlled by the combined SCP0-SCP1 and SCRO- 
SCR2 bits in the baud rate register. All divided frequen- 
cies shown in Table 3 represent the final baud rate re- 
sulting from the internal processor clock division shown 
in the divided-by column only (prescaler division only). 
Table 4 lists the prescaler output divided by the action 
of the SCI select bits (SCR0-SCR2). For example, assume 
that a 9600-Hz baud rate is required with a 2.4576-MHz 
external crystal. In this case, the prescaler bits (SCPO- 
SCP1) could be configured as a divide-by-one or a divide- 
by-four. If a divide-by-four prescaler is used, then the 
SCR0-SCR2 bits must be configured as a divide-by-two. 
Using the same crystal, the 9600 baud rate can be ob- 
tained with a prescaler divide-by-one and the SCR0-SCR2 
bits configured for a divide-by-eight. 



Table 3. Prescaler Highest Baud Rate Frequency Output 



SCP Bit 


Clock* 
Divided By 


Crystal Frequency MHz 


1 


0 


4.194304 


4.0 


2.4576 


2.0 


1.8432 


0 


0 


1 


131.072 kHz 


125.000 kHz 




76.80 kHz 




62.50 kHz 


57.60 kHz 


0 


1 


3 


43.691 kHz 


41.666 kHz 




25.60 kHz 




20.833 kHz 


19.20 kHz 


1 


0 


4 


32.768 kHz 


31.250 kHz 




19.20 kHz 




15.625 kHz 


14.40 kHz 


1 


1 


13 


10.082 kHz 


9600 Hz 




5.907 kHz 




4800 Hz 


4430 Hz 



*Refers to the internal processor clock. 



NOTE: The divided frequencies shown in Table 3 represent baud rates which are the highest transmit baud rate (Tx) that can be 
obtained by a specific crystal frequency and only using the prescaler division. Lower baud rates may be obtained by providing 
a further division using the SCI rate select bits as shown below for some representative prescaler outputs. 



Table 4. Transmit Baud Rate Output for a Given Prescaler Output 



SCR Bits 


Divided 
By 


Representative Highest Prescaler Baud Rate Output 


2 


1 


0 


131.072 kHz 


32.768 kHz 


76.80 kHz 


19.20 kHz 


9600 Hz 


0 


0 


0 


1 


131.072 kHz 


32.768 kHz 


76.80 kHz 


19.20 kHz 


9600 Hz 


0 


0 


1 


2 


65.536 kHz 


16.384 kHz 


38.40 kHz 


9600 Hz 


4800 Hz 


0 


1 


0 


4 


32.768 kHz 


8.192 kHz 


19.20 kHz 


4800 Hz 


2400 Hz 


0 


1 


1 


8 


16.384 kHz 


4.096 kHz 


9600 Hz 


2400 Hz 


1200 Hz 


1 


0 


0 


16 


8.192 kHz 


2.048 kHz 


4800 Hz 


1200 Hz 


600 Hz 


1 


0 


1 


32 


4.096 kHz 


1.024 kHz 


2400 Hz 


600 Hz 


300 Hz 


1 


1 


0 


64 


2.048 kHz 


512 Hz 


1200 Hz 


300 Hz 


150 Hz 


1 


1 


1 


128 


1.024 kHz 


256 Hz 


600 Hz 


150 Hz 


75 Hz 



NOTE: Table 4 illustrates how the SCI select bits can be used to provide lower transmitter baud rates by further dividing the prescaler 
output frequency. The five examples are only representative samples. In all cases, the baud rates shown are transmit baud 
rates (transmit clock), and the receive clock is 16 times higher in frequency than the actual baud rate. 
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SERIAL PERIPHERAL INTERFACE 

The serial peripheral interface (SPI) is an interface built 
into the MCU which allows several MCUs or MCUs plus 
peripherals to be interconnected within the same black 
box. In the SPI format, the clock is not included in the 
data stream and must be furnished as a separate signal. 
An SPI system may consist of one master MCU and sev- 
eral slaves (Figure 18) or MCUs that can be either masters 
or slaves. 

Features: 

• Full-duplex, three-wire synchronous transfers 

• Master or slave operation 

• 1.05 MHz (maximum) master bit frequency 

• 2.1 MHz (maximum) slave bit frequency 

• Four programmable master bit rates 

• Programmable clock polarity and phase 

• End-of-transmission interrupt flag 

• Write collision flag protection 

• Master-master mode fault protection capability 

SIGNAL DESCRIPTION 

The four basic signals (MOSI, MISO, SCK, and SS) are 
described in the following paragraphs. Each signal func- 
tion is described for both master and slave mode. 

Master Out, Slave In 

The master out, slave in (MOSI) line is configured as 
an output in a master device and as an input in a slave 
device. The MOSI line is one of two lines that transfer 
serial data in one direction with the most significant bit 
sent first. 

Master In, Slave Out 

The master in, slave out (MISO) line is configured as 
an input in a master device and as an output in a slave 
device. The MISO is one of two lines that transfer serial 
data in one direction with the most significant bit sent 



first. The MISO line of a slave device is placed in a high- 
impedance state if slave is not selected (SS = 1). 

Serial Clock 

The serial clock (SCK) is used to synchronize both data 
in and out of a device via the MOSI and MISO lines. The 
master and slave devices can exchange a byte of infor- 
mation during a sequence of eight clock cycles. Since 
SCK is generated by the master device, this line becomes 
an input on a slave device. 

As shown in Figure 19, four possible timing relation- 
ships may be chosen by using control bits CPOL and 
CPHA in the serial peripheral control register (SPCR). Both 
master and slave devices must operate with the same 
timing. 

Two bits (SPRO and SPR1) in the SPCR of the master 
device select the clock rate. In a slave device, SPRO and 
SPR1 have no effect on SPI operation. 

Slave Select 

The slave select (SS) input line selects a slave device. 
The SS line must be low prior to data transactions and 
must stay low for the duration of the transaction. The SS 
line on the master must be tied high; if the SS line goes 
low, a mode fault error flag (MODF) is set in the serial 
peripheral status register (SPSR). 

When CPHA = 0, the shift clock is the OR of SS with 
SCK. In this clock phase mode, SS must go high between 
successive characters in an SPI message. When CPHA = 1, 
SS must go high between successive characters in an 
SPI message. When CPHA=1, SS may be left low for 
several SPI characters. In cases where there is only one 
SPI slave MCU, the slave MCU SS line could be tied to 
Vss as l° n 9 as CPHA=1 clock modes are used. 

FUNCTIONAL DESCRIPTION 

A block diagram of the SPI is shown in Figure 20. In a 
master configuration, the CPU sends a signal to the mas- 
ter start logic, which originates an SPI clock (SCK) based 





MISO 




MOSI 




SCK 




SS 


M6805 HCMOS 


Master 




p a, 




O 1 




R 2 




T 3 





MOSI SS 




MISO SCK 


M6805HCMOS'Slave3 



M6805HCMOS SlaveO 


MISO SCK 




MOSI SS 





MOSI SS 
MISO SCK 



M6805HCMOS Slave 2 



MOSI SS 
MISO SCK 



M6805 HCMOS Slave 1 



Figure 18. Master-Slave System Configuration 
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Figure 19. Data Clock Timing Diagram 
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Figure 20. SPI Block Diagram 



on the internal processor clock. As a master device, data 
is parallel loaded into the 8-bit shift register from the 
internal bus during a write cycle and then serially shifted 
via the MOSI pin to the slave devices. During a read cycle, 
data is applied serially from a slave device via the MISO 
pin to the 8-bit shift register. Data is then parallel trans- 
ferred to the read buffer and made available to the in- 
ternal data bus during a CPU read cycle. 

In a slave configuration, the slave start logic receives 
a logic low at the SS pin and a clock input at the SCK 
pin. This synchronizes the slave with the master. Data 
from the master is received serially at the slave MOSI pin 
and shifted into the 8-bit shift register for a parallel trans- 
fer to the read buffer. During a write cycle, data is parallel 
loaded into the 8-bit shift register from the internal data 
bus, awaiting the clocks from the master to shift out se- 
rially to the MISO pin and then to the master device. 

Figure 21 illustrates the MOSI, MISO, SCK, and SS 
master-slave interconnections. 



REGISTERS 

There are three registers in the SPI that provide control, 
status, and data storage functions. These registers, the 
serial peripheral control register (SPCR), serial peripheral 
status register (SPSR), and serial peripheral data I/O reg- 
ister (SPDR), are described in the following paragraphs. 

Serial Peripheral Control Register $0A 

The SPCR provides control of individual SPI functions 
such as interrupt and system enabling/disabling, master/ 
slave mode select, and clock polarity/phase/rate select. 



7 


6 


5 


4 


3 


2 


1 


0 


SPIE 


SPE 




MSTR 


CPOL 


CPHA 


SPR1 


SPRO 


RESET- 
0 


0 




0 


U 


U 


U 


U 



SPIE — Serial Peripheral Interrupt Enable 
1 = SPI interrupt enabled 
0=SPI interrupt disabled 
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Figure 21. SPI Master-Slave Interconnections 




SPE — Serial Peripheral System Enable 
1 =SPI system on 

0 = SPI system off 
MSTR — Master Mode Select 

1 = Master mode 

0 = Slave mode 
CPOL — Clock Polarity 

Clock polarity bit controls the clock value and is used 
in conjunction with the clock phase (CPHA) bit. 

1 =SCK line idles high 

0 = SCK line idles in low state 
CPHA — Clock Phase 

Clock phase bit along with CPOL controls the clock- 
data relationship between the master and slave de- 
vices. CPOL selects one of two clocking protocols. 

1 = SS is an output enable control. 

0 = Shift clock is the OR of SCK with SS. 

When SS is low, first edge of SCK invokes first 
data sample. 
SPRO, SPR1 — SPI Clock Rate Bits 
Two clock rate bits are used to select one of four clock 
rates to be used as SCK in the master mode. In the 
slave mode, the two clock rate bits have no effect. Clock 
rate selection is shown in the following table. 
Bit 5 - Not used 
Can read either one or zero 



SPR1 


SPRO 


Internal Processor 






Clock Divided By 


0 


0 


2 


0 


1 


4 


1 


0 


16 


1 


1 


32 



Serial Peripheral Status Register SOB 

The SPSR contains three status bits. 



7 


6 


5 


4 


3 


2 


1 


0 


SPIF 


WCOL 




MODF 










RESET. 
0 


0 




0 











SPIF — Serial Peripheral Data Transfer Flag 

1 = Indicates data transfer completed between pro- 
cessor and external device. 



(If SPIF = 1 and SPIE = 1, SPI interrupt is ena- 
bled.) 

0 = Clearing is accomplished by reading SPSR (with 

SPIF=1) followed by SPDR access. 
WCOL — Write Collision 

1 = Indicates an attempt is made to write to SPDR 

while data transfer is in process. 

0 = Clearing is accomplished by reading SPSR (with 

WCOL=1), followed by SPDR access. 
MODF — Mode Fault Flag 

1 = Indicates multi-master system control conflict. 
0 = Clearing is accomplished by reading SPSR (with 

MODF=1), followed by a write to the SPCR. 
Bits 0-3, and 5 — Not used 
Can read either zero or one 

Serial Peripheral Data I/O Register $0C 

The SPDR is a read/write register used to receive and 
transmit SPI data. 



7 


6 


5 


4 


3 


2 


1 


0 


SPD7 


SPD6 


SPD5 


SPD4 


SPD3 


SPD2 


SPD1 


SPDO 



RESET 
U 



U 



U U U U U U 

A write to the SPDR places data directly into the shift 
register for transmission. Only a write to this register will 
initiate transmission/reception of another byte and will 
only occur in the master device. On completion of byte 
transmission, the SPIF status bit is set in both master and 
slave devices. 

A read to the SPDR causes the buffer to be read. The 
first SPIF status bit must be cleared by the time a second 
data transfer from the shift register to the read buffer 
begins, or an overrun condition will exist. In overrun cases, 
the byte causing the overrun is lost. 



INSTRUCTION SET 

The MCU has a set of 62 basic instructions. They can 
be divided into five different types: register/memory, read- 
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 
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This MCU uses all the instructions available in the 
M146805 CMOS Family plus one more: the unsigned 
multiply (MUL) instruction. This instruction allows un- 
signed multiplication of the contents of the accumulator 
(A) and the index register (X). The high-order product is 
then stored in the index register, and the low-order prod- 
uct is stored in the accumulator. A detailed definition of 
the MUL instruction is shown below. 



Operation X:A X*A 



Description 



Condition 
Codes 



Source 



Form(s) 



Multiplies the eight bits in the index register 
by the eight bits in the accumulator to obtain 
a 16-bit unsigned number in the concatenated 
accumulator and index register 



H: Cleared 
I: Not affected 
N: Not affected 
Z: Not affected 
C: Cleared 



MUL 



Addressing 
Mode 
Inherent 



Cycles 
11 



Bytes 
1 



Opcode 
$42 



REGISTER/MEMORY INSTRUCTIONS 

Most of these instructions use two operands. One op- 
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 
jump to subroutine (JSR) instructions have no register 
operand. Refer to the following instruction list. 



Function 


Mnemonic 


Load A from Memory 


LDA 


Load X from Memory 


LDX 


Store A in Memory 


STA 


Store X in Memory 


STX 


Add Memory to A 


ADD 


Add Memory and Carry to A 


ADC 


Subtract Memory 


SUB 


Subtract Memory from A with Borrow 


SBC 


AND Memory to A 


AND 


OR Memory with A 


ORA 


Exclusive OR Memory with A 


EOR 


Arithmetic Compare A with Memory 


CMP 


Arithmetic Compare X with Memory 


CPX 


Bit Test Memory with A (Logical Compare) 


BIT 


Jump Unconditional 


JMP 


Jump to Subroutine 


JSR 



negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 



Function 


Mnemonic 


Increment 


INC 


Decrement 


DEC 


Clear 


CLR 


Complement 


COM 


Negate (Twos Complement) 


NEG 


Rotate Left Thru Carry 


ROL 


Rotate Right Thru Carry 


ROR 


Logical Shift Left 


LSL 


Logical Shift Right 


LSR 


Arithmetic Shift Right 


ASR 


Test for Negative or Zero 


TST 


Multiply 


MUL 



BRANCH INSTRUCTIONS 

This set of instructions branches if a particular condi- 
tion is met; otherwise, no operation is performed. Branch 
instructions are two-byte instructions. Refer to the fol- 
lowing list for branch instructions. 



Function 


Mnemonic 


Branch Always 


BRA 


Branch Never 


BRN 


Branch if Higher 


BHI 


Branch if Lower or Same 


BLS 


Branch if Carry Clear 


BCC 


Branch if Higher or Same 


BHS 


Branch if Carry Set 


BCS 


Branch if Lower 


BLO 


Branch if Not Equal 


BNE 


Branch if Equal 


BEQ 


Branch if Half Carry Clear 


BHCC 


Branch if Half Carry Set 


BHCS 


Branch if Plus 


BPL 


Branch if Minus 


BMI 


Branch if Interrupt Mask Bit is Clear 


BMC 


Branch if Interrupt Mask Bit is Set 


BMS 


Branch if Interrupt Line is Low 


BIL 


Branch if Interrupt Line is High 


BIH 


Branch to Subroutine 


BSR 



READ-MODIFY-WRITE INSTRUCTIONS 

These instructions read a memory location or a reg- 
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 



BIT MANIPULATION INSTRUCTIONS 

The MCU is capable of setting or clearing any writable 
bit which resides in the first 256 bytes of the memory 
space where all port registers, port DDRs, timer, timer 
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control, ROM, and on-chip RAM reside. An additional 
feature allows the software to test and branch on the state 
of any bit within these 256 locations. The bit set, bit clear 
and bit test, and branch functions are all implemented 
with a single instruction. For test and branch instructions, 
the value of the bit tested is also placed in the carry bit 
of the condition code register. Refer to the following list 
for bit manipulation instructions. 



Function 


Mnemonic 


Branch if Bit n is Set 


BRSET n (n = 0 . . . 7) 


Branch if Bit n is Clear 


BRCLR n (n = 0 . . . 7) 


Set Bit n 


BSET n (n = 0. . .7) 


Clear Bit n 


BCLRn(n = 0...7) 



CONTROL INSTRUCTIONS 

These instructions are register reference instructions 
and are used to control processor operation during pro- 
gram execution. Refer to the following list for control 
instructions. 



Function 


Mnemonic 


Transfer A to X 


TAX 


Transfer X to A 


TXA 


Set Carry Bit 


SEC 


Clear Carry Bit 


CLC 


Set Interrupt Mask Bit 


SEI 


Clear Interrupt Mask Bit 


CLI 


Software Interrupt 


SWI 


Return from Subroutine 


RTS 


Return from Interrupt 


RTI 


Reset Stack Pointer 


RSP 


No-Operation 


NOP 


Stop 


STOP 


Wait 


WAIT 



OPCODE MAP SUMMARY 

Table 5 is an opcode map for the instructions used on 
the MCU. 



ADDRESSING MODES 

The MCU uses ten different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code con- 
version tables, and scaling tables anywhere in the mem- 
ory space. Short indexed accesses are single byte 
instructions; the longest instructions (three bytes) permit 
accessing tables throughout memory. Short and long ab- 
solute addressing is also included. One- or two-byte di- 
rect addressing instructions access all data bytes in most 
applications. Extended addressing permits jump instruc- 
tions to reach all memory. 



The term "effective address" (EA) is used in describing 
the various addressing modes. Effective address is de- 
fined as the address from which the argument for an 
instruction is fetched or stored. 

IMMEDIATE 

In the immediate addressing mode, the operand is con- 
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize a loop counter). 

DIRECT 

In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 

EXTENDED 

In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. When using 
the Motorola assembler, the user need not specify whether 
an instruction uses direct or extended addressing. The 
assembler automatically selects the shortest form of the 
instruction. 

RELATIVE 

The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8- 
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from - 126 to +129 from 
the opcode address. The programmer need not calculate 
the offset when using the Motorola assembler, since it 
calculates the proper offset and checks to see that it is 
within the span of the branch. 

INDEXED, NO OFFSET 

In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. This addressing mode can access the first 256 
memory locations. These instructions are only one byte 
long. This mode is often used to move a pointer through 
a table or to hold the address of a frequently referenced 
RAM or I/O location. 

INDEXED, 8-BIT OFFSET 

In the indexed, 8-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address- 
able locations and could extend as far as location 510 
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Table 5. Opcode Map 





Bit Manipulation 


Branch 


Raad/Modrry/Wrrte 


Control 


Register/ Memory 




_BTJL_ 


B|C 


RF1 


— ^T— 


INH 


' 


MS 3 — 


IX 


INH 


INH 


IMM 


DIR 




1X2 


1X1 






0000 


0001 


0010 


0011 


0100 


0101 


0110 


7 

0111 


a 

1000 


9 
1X1 


A 

1010 


B 

1011 


hoc 


D 
1101 


E 
1110 


mi 


^ — Low 


0 

can 


6 

BRSETO 
3 BTB 


5 

BSETO 
2 BSC 


BRA 

2 REL 


5 

NEG 

2 niR 


3 

NEGA 


3 

NEGX 

J INH. 


6 

NEG 

2 IXI 


5 

NEG 

_! !*_, 


9 

RTI 

1 INH 




— J. 

SUB 

2 IMM 


3 

SUB 

2 DIR 


S 

SUB 
3 EXT 


5 

SUB 
3 1X2 


i 

SUB 

2 IXI 


3 

SUB 


0 
0000 


i 

0001 


6 

BRCLRO 


BCLRO 

2 BSC 


BRN 
2 "El 












6 

RTS 




2 

CMP 

2 IMM 


3 

CMP 

2 D'R 


CMP 

3 EXT 


i 

CMP 

3 1X2 


CMP 

2 IXI 


3 

CMP 


1 

0X1 


2 

0010 


1 ?T| 

BRSET1 


5 

BSET1 

2 BSC 


BHI 

2 BEL 




MUl 












2 

SBC 
2 iMM 


3 

SBC 

2 DlR 


SBC 

3 EXT 


I 

SBC 

3 1X2 


SBC 

2 IXI 


3 

SBC 


2 

X10 


3 
0011 


3 0T| 
BRCLR1 


BCLR1 

2 BSC 


BLS 

2 REL 


b 

COM 

2 DIR 


COMA 

1 INH 


COMX 

1 INH 


6 

COM 

2 1X1 


5 

COM 


SWI 0 
— mti - 




2 

cpx 

2 IMM 


3 

cpx 

2 DIR 


CPX 
3 EXT 


5 

CPX 

3 1X2 


cpx 

2 IXI 


3 

CPX 


3 
XI 1 


4 

0100 


3 BT| 

BRSET2 
3 BTB^ 


5 

BSET2 

2 BSC 


BCC 

2 REL 


5 

LSR 

2 DTR 


3 

LSRA 

1 INH 


3 

LSRX 

1 INH 


6 

LSR 

i 1X1 


5 

LSR 






2 

AND 

2 IMM 


3 

AND 

2 DIR 


AND 

3 EXT 


5 

AND 

3 1X2 


AND 

2 IXI 


3 

AND 

1 IX 


4 

01X 


5 

0101 


BRCLR2 
3 BTB 


5 

BCLR2 

2 BSC 


BCS 

2 PEL 
















2 

BIT 

2 IMM 


3 

BIT 

2 DIR 


BIT 

3 EXT 


BIT 

3 1X2 


BIT 
2 1X1 


3 

BIT 

1 IX 


5 

0101 


6 

0110 


BRSET3" 


5 

BSET3 

2 BSC 


BNE 

2 REL 


5 

ROR 
2 DiR 


3 

RORA 

1 INH 


3 

RORX 

1 INH 


6 

ROR 

2 1X1 


b 

ROR 






2 

LDA 

2 IMM 


3 

LDA 

2 DIR 


4 

LDA 

3 EXT 


5 

LDA 

3 1X2 


LDA 

2 ixi 


3 

LDA 

1 IX 


6 

0110 


7 
0111 


3 BT| 
BRCLR3 


5 

BCLR3 
2 BSC 


BEQ 

2 REL 


5 

ASR 

2 DIB 


3 

ASRA 

1 INH 


3 

ASRX 

1 INH 


6 

ASR 

2 IXI 


S 

ASR 




2 

TAX 




STA 

2 DIR 


5 

STA 
3 EXT 


STA 

3 1X2 


STA 

2 1X1 


4 

STA 

1 IX 


7 
0111 


8 

1000 


3 BT| 

BRSET4 
3 BTB 


6 

BSET4 

2 BSC 


BHCC 

2 BEL 


S 

LSL 

2 DIR 


3 

LSLA 

1 INH 


3 

LSLX 

1 INH 


e 

LSL 
2 IXI 


5 

LSL 




2 

CLC 
1 INH 


2 

EOR 
2 IMM 


3 

EOR 

2 DIR 


EOR 

3 EXT 


5 

EOR 


EOR 

2 1X1 


3 

EOR 

1 IX 


B 

10M 


9 
1X1 


5 

BRCLR4 
3 BT| 


6 

BCLR4 

2 BSC 


BHCS 

2 BEL 


5 

ROL 

2 DIR 


3 

ROLA 


3 

ROLX 

1 INH 


6 

ROL 

2 1X1 


b 

ROL 

1 IX 




2 

SEC 

1 INH 


2 

ADC 

2 IMM 


3 

ADC 

2 DIR 


ADC 

3 EXT 


~ «fr 

ADC 
3 1X2 


ADC 

2 1X1 


3 

ADC 


9 
1X1 


A 

1010 


BRSET5 


5 

BSET5 

2 BSC 


3 

BPL 

2 BEL 


5 

DEC 

2 DIB 


3 

DECA 

1 INH 


3 

DECX 

1 INH 


6 

DEC 

2 1X1 


5 

DEC 




2 

CLI 

1 INH 


2 

ORA 

2 IMM 


3 

ORA 

2 DIR 


4 

ORA 

3 EXT 


5 

ORA 

3 1X2 


ORA 

2 1X1 


3 

ORA 

1 IX 


A 

1010 


B 

1011 


3 BT| 
BRCLR5 


S 

BCLR5 


3 

BMI 

2 BEL^ 














3 

SEI 

1 INH 


2 

ADD 

2 IMM 


3 

ADD 

2 DIR 


4 

ADD 

3 EXT 


5 

ADD 

3 1X2 


ADD 

2 1X1 


3 

ADD 

1 IX 


B 

1011 


c 

11X 


3 BT| 

BRSET6 
3 BT| 


BSET6 
2 BSC, 


BMC 


6 

INC 
2 DIR 


3 

INCA 
1 INH 


3 

INCX 
1 INH 


6 

INC 

2 1X1 


5 

INC 




2 

RSP 

1 INH 




JMP 

2 DIB 


3 

JMP 

3 EXT 


4 

JMP 

3 1X2 


JMP 

2 1X1 


5 

JMP 

1 IX 


C 
11X 


D 

1101 


BRCLR6 
3 BTB 


BCLR6 

2 BSC 


2 REjj 
BMS 

2 BEL 


TST 

2 DIR 


3 

TSTA 

1 INH 


3 

TSTX 


5 

TST 

2 1X1 


TST 




2 

N0P N 


6 

BSR 

2 REL 


5 

JSR 
2 DIR 


6 

JSR 

3 EXT 


7 

JSR 

3 1X2 


JSR 

2 1X1 


5 

JSR 

1 IX 


D 

1101 


E 

1110 


BRSET7 
3 BT| 


BSET7 
2 BSC_ 


3 

BIL 












STOP 




5 

LDX 

2 IMM 


3 

LDX 

2 DIR 


4 

LDX 
3 EXT 


5 

LDX 


LDX 

2 1X1 


3 

LDX 


E 

1110 


F 

mi 


BRCLR7 

3 BTB 


BCLR7 
2 BSC 


2 RE^ 

BIH 

2 BEL 


6 

CLR 

2 DIR 


3 

CLRA 

1 INH 


3 

CLRX 

1 INH 


6 

CLR 

2 1X1 


5 

CLR 

1 IX 


3 

WAIT 

1 INH 


2 

TXA 

1 INH 




4 

STX 
2 DIR 


5 

STX 

3 EXT 


J !*£ 

STX 

3 1X2 


STX 
2 1X1 


4 

STX 

1 IX 


F 

mi 



2 



O 



Abbreviation* for Address Modes 



LEGEND 



INH 


Inherent 


A 


Accumulator 


X 


Index Register 


IMM 


Immediate 


DIR 


Direct 


EXT 


Extended 


REL 


Relative 


BSC 


Bit Set/ Clear 


BTB 


Bit Test and Branch 


IX 


Indexed (No Offsetl 


1X1 


Indexed. 1 Byte (8-Bitl Offset 


1X2 


Indexed. 2 Byte (16-Bit) Offset 




Cycles 



Opcode in Hexadecimal 
Opcode in Binary 

Address Mode 



CO 



MC68HC705C8 




($1FE is the last location at which the instruction may 
begin). 

INDEXED, 16-BIT OFFSET 

In the indexed, 16-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 
the opcode. This address mode can be used in a manner 
similar to indexed, 8-bit offset except that this three-byte 
instruction allows tables to be anywhere in memory. As 
with direct and extended addressing, the Motorola as- 
sembler determines the shortest form of indexed ad- 
dressing. 

BIT SET/CLEAR 

In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode, and the byte following 
the opcode specifies the direct addressing of the byte in 
which the specified bit is to be set or cleared. Any read/ 
write bit in the first 256 locations of memory, including 
I/O, can be selectively set or cleared with a single two- 
byte instruction. 



BIT TEST AND BRANCH 

The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 
bit that is to be tested and its condition (set or clear), is 
included in the opcode. The address of the byte to be 
tested is in the single byte immediately following the 
opcode byte. The signed relative 8-bit offset in the third 
byte is added to the PC if the specified bit is set or cleared 
in the specified memory location. This single three-byte 
instruction allows the program to branch based on the 
condition of any readable bit in the first 256 locations of 
memory. The span of branching is from -125 to +130 
from the opcode address. The state of the tested bit is 
also transferred to the carry bit of the condition code 
register. 

INHERENT 

In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in- 
structions are one byte long. 



ELECTRICAL SPECIFICATIONS 



MAXIMUM RATINGS (Voltages referenced to Vss) 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


Vdd 


-0.3 to +7.0 


V 


Input Voltage 


V in 


V S S -0.3 to 

Vdd +o.3 


V 


Programming Voltage 


VPP 


v D d -o.3 

to 16.0 


V 


Bootstrap Mode (IRQ Pin Only) 


Vin 


Vss -0.3 to 
2xVdd+03 


V 


Current Drain Per Pin Excluding 
Vdd a nd V SS 


I 


25 


mA 


Operating Temperature Range 
MC68HC705C8P, FN, S 
MC68HC705C8CP, CFN, CS 


T A 


TL to T H 
Oto +70 
-40 to +85 


°C 


Storage Temperature Range 


T s tg 


-65 to +150 


°c 



This device contains circuitry to protect the in- 
puts against damage due to high static voltages 
or electric fields; however, it is advised that nor- 
mal precautions be taken to avoid application of 
any voltage higher than maximum-rated voltages 
to this high-impedance circuit. For proper oper- 
ation, it is recommended that V m and V 0 ut be 
constrained to the range Vgs (Vj n or V ou t) «s 
Vdd- Reliability of operation is enhanced if un- 
used inputs are connected to an appropriate logic 
voltage level (e.g., either Vss or Vdd) 



THERMAL CHARACTERISTICS 



Characteristic 


Symbol 


Value 


Unit 


Thermal Resistance 


»JA 




°C/W 


Plastic 




60 




Plastic Leaded Chip Carrier (PLCC) 




70 




Cerdip 




60 
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POWER CONSIDERATIONS 

The average chip-junction temperature, Tj, in °C can 
be obtained from: 



Tj = T A + (PD-0J A ) < 1 > 



where: 




T A 


= Ambient Temperature, °C 


e JA 


= Package Thermal Resistance, 


Junction-to-Ambient, °CA/V 


Pd 


= p INT+P|/0 


Pint 


= Ifjrj x Vcc- Watts — Chip Internal Power 


P|/0 


= Power Dissipation on Input and Output 



Pins — User Determined 



For most applications P|/0 < P|NT anc ' can De neglected. 

The following is an approximate relationship between 
PD and Tj (if P\/q is neglected): 

Pd= k -< t j +273 ° c > < 2 > 

Solving equations (1) and (2) for K gives: 

K = P d .(T a + 273°C) + 8ja-Pd 2 (3) 
where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring Pq 
(at equilibrium) for a known T A . Using this value of K, 
the values of Pq and Tj can be obtained by solving equa- 
tions (1) and (2) iteratively for any value of T A . 



V DD = 4.5V 



Pins 


R1 


R2 


c 


PA0-PA7, 
PB0-PB7, 
PC0-PC7, 
PD1-PD4 


3.26 kn 


2.38 kn 


50 pF 


PDO, PD5, PD7 


1.9 kO 


2 26 kn 


200 pF 


V DD = 3.0 V 


Pins 


R1 


R2 


C 


PA0-PA7, 
PB0-PB7, 
PC0-PC7, 
PD1-PD4 


10.91 kn 
6.32 kn 


50 pF 




PDO, PD5, PD7 


6 kn 


6 kn 


200 pF 



Test 
Point 



C 
(See 
Table) 



r 

T_ 



V D D 



R2 

(See Table) 



R1 

• (See Table) 



Figure 22. Equivalent Test Load 
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DC ELECTRICAL CHARACTERISTICS 

(Vdd = 5.0 Vdc± 10%, Vss = ° Vdc, Ta = Tl to T(-|, unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Output Voltage, iLoad^ 100 M- A 


vol 
voh 


Vdd-o.1 




0.1 


V 


Output High Voltage 
('Load = 0-8 mA) PA0-PA7, PB0-PB7, PC0-PC7, TCMP (see Figure 23) 
< l Load = 1 ' 6 mA ) PD1-PD4 (see Figure 24) 


VOH 


Vdd-os 
vdd-08 


— 


— 


V 


Output Low Voltage (see Figure 25) 
( | Load = 1 -6 mA) PA0-PA7, PB0-PB7, PC0-PC7, PD1-PD4, TCMP 


vol 






04 


V 


Input High Voltage 
PA0-PA7, PB0-PB7, PC0-PC7, PD0-PD5, PD7, TCAP, IRQ, 
RESET, OSC1 


vih 


0.7xV DD 


- 


vdd 


V 


Input Low Voltage 

PA0-PA7 PB0-PB7 PC0-PC7 PD0-PD5 PD7 TCAP IRQ 
RESET, OSC1 


V|L 


vss 




02xV DD 


V 


Data Retention Mode (0° to 70°C) 


Vrm 


2.0 






v 


Supply Current (see Notes) 
Run 
Wait 
Stop 
25°C 

0° to 70°C (Standard) 
-40° to +85°C 


Idd 


— 


5 

1.6 
2.0 


TBD 
TBD 

TBD ~ 

TBD 

TBD 


mA 
mA 

^A 
HA 


I/O Ports Hi-Z Leakage Current 
PA0-PA7, PB0-PB7, PC0-PC7, PD1-PD4 


IlL 






±10 


jxA 


Input Current 
IRQ, TCAP, OSC1, PD0, PD5 


l.n 






±1 


jjlA 


Capacitance 
Ports (as Input or Output) 
RESET, IRQ, TCAP, PD0-PD5, PD7 


Cout 
Cm 






TBD 
TBD 


pF 




MC68HC705C8 



DC ELECTRICAL CHARACTERISTICS 

(Vdd = 3 - 3 Vdc ± 0-3 Vdc, Vss = 0 Vdc, Ta. = Tl to Th, unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Output Voltage, iLoad^ 10 0 |J- A 


vol 

VOH 


vdd-o.1 




0.1 


V 


Output High Voltage 
(l Lo ad = 0.2 mA) PA0-PA7, PB0-PB7, PC0-PC7, TCMP (see Figure 23) 
('Load = 0.4 mA) PD1-PD4 (see Figure 24) 


VOH 


vdd-0 3 

Vdd-0.3 






V 


Output Low Voltage (see Figure 25) 
(lLoad = 0.4 mA) PA0-PA7, PB0-PB7, PC0-PC7, PD1-PD4, TCMP 


vol 




- 


0.3 


V 


Input High Voltage 
PA0-PA7, PB0-PB7, PC0-PC7, PD0-PD5, PD7, TCAP, IRQ, 
rf^ft n^n 

ncoL i , uov, i 


vih 


o.7 x v dd 




vdd 


V 


Input Low Voltage 

PA0-PA7 PRn PR7 prn pn pnn pnR pn7 tpap iro 
RESET, OSC1 


V|L 


vss 


- 


0.2 x v D d 


V 


Data Retention Mode (0° to 70°C) 


V RM 


2.0 






v 


Supply Current (see Notes) 
Run 
Wait 
Stop 
25°C 

0° to 70°C (Standard) 
-40° to +85°C 


Idd 




2.0 
0.5 

1 0 


TBD 
TBD 

TBD 
TBD 
TBD 


mA 
mA 

jiA 
uA 
|xA 


I/O Ports Hi-Z Leakage Current 
PA0-PA7, PB0-PB7, PC0-PC7, PD1-PD4 


Iil 






±10 


M-A 


Input Current 
RESET, IRQ, TCAP, OSC1, PD0, PD5, PD7 


l,n 






±1 





NOTES- 

1. All values shown reflect average measurements. 

2. Typical values at midpoint of voltage range, 25°C only. 

3. Wait Idd- Only timer system active (SPE = TE = RE = 0). If SPI, SCI active (SPE = TE = RE=1) add 10% current draw. 

4. Run (Operating) Idd- Wait Idd : Measured using external square wave clock source (f osc = 4.2 MHz), all inputs 0 2V from rail; 
no dc loads, less than 50 pF on all outputs, C|_ = 20 pF on OSC2. 

5. Wait, Stop Idd- a H Ports configured as inputs, V||_ = 0.2 V, V|h = Vdd~0.2 V. 

6. Stop Idd measured with OSC1 =V$s- 

7. Standard temperature range is 0° to 70°C. Extended temperature (-40° to + 85°C,) and a 25°C only version are available. 

8. Wait Idd is affected linearly by the OSC2 capacitance. 
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02 04 06 08 

VDD-VOH <Voltsl 



Figure 23. Typical Vqh v s IQH for Ports A - B » c » and TCMP 



E 

~ 40- 











<0 / 






"v 






3 





0 02 04 06 

vdd-voh (VoI,s) 



i 30 























— i 
© / 

<o / 
* / 

V / 








3 ... 





















0 1 0 2 0 3 

vql ,Volts) 



Figure 24. Typical Vqh vs IqH for PD1-PD4 Figure 25. Typical Vql vs Iql for All Ports 
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CONTROL TIMING 

(V D D = 5.0 Vdc±10%, Vss = 0 Vdc, T A =Tl to Th) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Frequency of Operation 
Crystal Option 
External Clock Option 


fosc 


dc 


4.2 
4.2 


MHz 


Internal Operating Frequency 
Crystal (f osc -2) 
External Clock (f 0 sc -2 ) 


fop 


— 
dc 


2.1 
2.1 


MHz 


Cycle Time (see Figure 29) 


'eye 


480 




ns 


Crystal Oscillator Startup Time (see Figure 29) 


toxov 




100 


ms 


Stop Recovery Startup Time (Crystal Oscillator) (see Figure 26) 


tlLCH 




100 


ms 


RESET Pulse Width (see Figure 29) 


tRL 


1.5 




tcyc 


Timer 
Resolution** 

Input Capture Pulse Width (see Figure 27) 
Input Capture Pulse Period (see Figure 27) 


tRESL 
tTH- l TL 
*TLTL 


4.0 
125 




tcyc 

ns 
tcyc 


Interrupt Pulse Width Low (Edge-Triggered) (see Figure 8) 


tlLIH 


125 




ns 


Interrupt Pulse Period (see Figure 8) 


tlLIL 






tcyc 


OSC1 Pulse Width 


tOH. tQL 


90 




ns 



*The minimum period t||_||_ should not be less than the number of cycle times it takes to execute the interrupt service routine plus 
21 tcyc- 

"Since a 2-bit prescaler in the timer must count four internal cycles (t cvc ), this is the limiting minimum factor in determining the 
timer resolution. 

**The minimum period tj|_j|_ should not be less than the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 t cvc . 



- ^<£ZZZZZZZZZZZZtZZZZZZZZZZ2 



IRQ2 



IRQ3 



•tRL • 



•'ILIH 









c 






— tlLCH > 


< 4064t cyc ». 





rLrvT-TLrurLJ 



Internal 
Address 
Bus 




1FFE YlFFE 



1FFF 4 



NOTES 

1 Represents the internal gating of the OSC1 pin 

2 IRQ pin edge-sensitive mask option 

3 IRQ pin level and edge-sensitive mask option 

4 RESET vector address shown for timing example 



RESET or Interrupt 
Vector Fetch 



Figure 26. Stop Recovery Timing Diagram 
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CONTROL TIMING 

<V DD = 3.3 Vdc±0.3 Vdc, V SS = 0 Vdc, Ta = T L to T H ) 




Characteristic 


Symbol 


Min 


Max 


Unit 


Frequency of Operation 
Crystal Option 
External Clock Option 


fosc 


— 

dc 


2.0 
2.0 


MHz 


Internal Operating Frequency 
Crystal (f 0S c-2) 
External Clock (f osc -2) 


^op 


dc 


1.0 
1.0 


MHz 


Cycle Time (see Figure 29) 


tcyc 


1000 


— 


ns 


Crystal Oscillator Startup Time (see Figure 29) 


toxov 


— 


100 


ms 


Stop Recovery Startup Time (Crystal Oscillator) (see Figure 26) 


tILCH 


- 


100 


ms 


RESET Pulse Width — Excluding Power-Up (see Figure 29) 


tRL 


1.5 




tcyc 


Timer 
Resolution** 

Input Capture Pulse Width (see Figure 27) 
Input Capture Pulse Period (see Figure 27) 


tRESL 
tTH' tTL 
tTLTL 


4.0 
250 




tcyc 
ns 

tcyc 


Interrupt Pulse Width Low (Edge-Triggered) (see Figure 8) 


tlUH 


250 




ns 


Interrupt Pulse Period (see Figure 8) 


tlLIL 


# 




tcyc 


OSC1 Pulse Width 


tOH- tQL 


200 




ns 



The minimum period t| LI l_ should not be less than the number of cycle times it takes to execute the interrupt service routine plus 
21 t cyc . 

*Since a 2-bit prescaler in the timer must count four internal cycles (t cyc ), this is the limiting minimum factor in determining the 
timer resolution. 

*The minimum period tji_j|_ should not be less than the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 t C y C . 



External 
Signal 
(TCAP 
Pin 37I 



J 





< tTLTL — *■ 




J 


u 






I 



»j t T H |< »j 



U~L 



Figure 27. Timer Relationships 
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SERIAL PERIPHERAL INTERFACE (SPI) TIMING 

(Vdd = 5.0 Vdc±10%, Vss = 0 Vdc, Ta = T|_ to Th) (see Figure 28) 



Num. 


Characteristic 


Symbol 


Min 


Max 


Unit 




Operating Frequency 
Master 
Slave 


fop(m) 
f op(s) 


dc 
dc 


0.5 
2.1 


fop 
MHz 


1 


Cycle Time 
Master 
Slave 


'cycfm) 
tcycfs) 


2.0 
480 


- 


tcyc 
ns 


2 


Enable Lead Time 
Master 
Slave 


tlead(m) 
tlead(s) 


* 

240 


- 


ns 
ns 


3 


Enable Lag Time 
Master 
Slave 


tlaglm) 
l lag(s) 


# 

240 


- 


ns 
ns 


4 


Clock (SCK) High Time 
Master 
Slave 


M(SCKH)m 
tw(SCKH)s 


340 
190 


- 


ns 
ns 


5 


Clock (SCK) Low Time 
Master 
Slave 


MSCKDm 
M(SCKL)s 


340 
190 


- 


ns 


6 


Data Setup Time (Inputs) 
Master 
Slave 


^ufm) 
l su(s) 


100 
100 


— 


ns 


7 


Data Hold Time (Inputs) 
Master 


th(m) 
l h(s) 


100 
100 




ns 


8 


Access Time (Time to Data Active from High-Impedance State) 
Slave 


ta 


0 


12C 


ns 


9 


Disable Time (Hold Time to High-Impedance State) 
Slave 


*dis 


- 


240 


ns 


10 


Data Valid 
Master (Before Capture Edge) 
Slave (After Enable Edge)** 


Mm) 
Ms) 


0.25 


240 


tcycfm) 
ns 


11 


Data Hold Time (Outputs) 
Master (After Capture Edge) 
Slave (After Enable Edge) 


tho(m) 
tho(s) 


0.25 
0 




tcycfm) 
ns 


12 


Rise Time (20% Vqd to 70% V DD , C|_ = 200 pF) 
SPI Outputs (SCK, MOSI, and MISOJ_ 
SPI Inputs (SCK, MOSI, MISO, and SS) 


l rm 

trs 




100 
2.0 


ns 

JiS 


13 


Fall Time (70% V D D to 20% V DD , C|_ = 200 pF) 
SPI Outputs (SCK, MOSI, and MISO]_ 
SPI Inputs (SCK, MOSI, MISO, and SS) 


tfm 
tfs 




100 
2.0 


ns 

(XS 



*Signal production depends on software. 
•♦Assumes 200 pF load on all SPI pins. 
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SERIAL PERIPHERAL INTERFACE (SPI) TIMING 

(Vdd = 3.3 Vdc± 10%, Vss = 0 Vdc, Ta = Tl to Th) (see Figure 28) 



Num. 


Characteristic 


Symbol 


Min 


Max 


Unit 




Operating Frequency 
Master 
Slave 


fop(m) 
f op(s) 


dc 
dc 


0.5 
1.0 


fop 
MHz 


1 


Cycle Time 
Master 
Slave 


tcyclm) 
l cyc(s) 


2.0 
1.0 


- 


tcyc 

US 


2 


Enable Lead Time 
Master 
Slave 


l lead(m) 
tlead(s) 


500 


— 


ns 
ns 


3 


Enable Lag Time 
Master 
Slave 


l lag(m) 
tlaq(s) 


500 


— 


ns 
ns 


4 


Clock (SCK) High Time 
Master 
Slave 


{ w(SCKH)m 
tw(SCKH)s 


720 
400 


- 


fiS 

ns 


5 


Clock (SCK) Low Time 
Master 
Slave 


M(SCKL)m 

l W(bLM_JS 


720 
400 


- 


|XS 

ns 


6 


Data Setup Time (Inputs) 
Master 
Slave 


^su(m) 
l su(s) 


200 
200 


— 


ns 


7 


Data Hold Time (Inputs) 
Master 
Slave 


L rnmj 
th(s) 


200 
200 




ns 
ns 


8 


Access Time (Time to Data Active from High-Impedance State) 
Slave 


l a 


0 


250 


ns 


9 


Disable Time (Hold Time to High-Impedance State) 
Slave 


tdis 




500 


ns 


10 


Data Valid 
Master (Before Capture Edge) 
Slave (After Enable Edge)** 


Mm) 

Ms) 


0.25 


500 


l cyc(m) 
ns 


11 


Data Hold Time (Outputs) 
Master (After Capture Edge) 
Slave (After Enable Edge) 


tho(m) 
tho(s) 


0.25 
0 




tcydm) 
ns 


12 


Rise Time (20% Vrjo to 70% VqD' C|_ = 200 pF) 
SPI Outputs (SCK, MOSI, and MISOJ_ 
SPI Inputs (SCK, MOSI, MISO, and SS) 


f rm 
trs 




200 
2.0 


ns 

p.S 


13 


Fall Time (70% V D D to 20% V DD , C|_ = 200 pF) 
SPI Outputs (SCK, MOSI, and MISOJ_ 
SPI Inputs (SCK, MOSI, MISO, and SS) 


tfm 
tfs 




200 
2.0 


ns 

(XS 



*Signal production depends on software. 
**Assumes 200 pF load on all SPI pins. 
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(INPUT) 



(OUTPUT) 



SCK (CPOL-0) SEE 
(OUTPUT) NOTE 



55 Is Held High on Master 



SCK (CPOL.1) SEE 



MISO 
(INPUT) 



MOSI 
(OUTPUT) 



*<!HKz> 

\ MSB IN [ 



MASTER MSB OUT 



( 



LSBIN 



> 



BIT 6 1 

N — 



MASTER LSB OUT 



7 



NOTE: This first dock edg« is generated internally but is not seen at the SCK pin. 

a) SPI MASTER TIMING (CPHA=0) 



§5 

(INPUT) 



SCK (CPOL-0) 
(OUTPUT) 



55 is Held High on Master 

O 



I 



SCK (CPOL-1) 
(OUTPUT) 



MISO 
(INPUT) 



C 10 N)> * 



< usbin > 



(OH r- (§H h" h©H h©-* 

■ < ) — t LSB " > 



MOSI 
(OUTPUT) 



MASTER MSB OUT 



BIT6----1 

V— 



X 



MASTER LSB OUT 



NOTE: This last dock edge is generated internally but is not seen at the SCK pin. 

b) SPI MASTER TIMING (CPHA=1) 



Figure 28. SPI Timing Diagrams (Sheet 1 of 2) 
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55 

(INPUT) 



SCK (CPOL-0) 
(INPUT) 



SCK (CPOL-1) 
(INPUT) 



t 



k® -nJk® 

O — » K!> 



-CD 



MISO 
(OUTPUT) 



SLAVE 



MOSI 
(INPUT) 



MSB OUT 



^ ' MSB IN 



-|k© -lr@ (!> 



BIT6----1 

-V- 



SLAVE LSB OUT 



BIT6-- -'i~^ ^ LSB IN ~^ 



^/seP 



NOTE Not defined but normally MSB ol character just received. 

c) SPI SLAVE TIMING (CPHA = 0) 



55 

(INPUT) 



-0- 



SCK (CPOL-0) 
(INPUT) 



-0- 



SCK (CPOL-1) 
(INPUT) 



(sHh - 



MISO 
(OUTPUT) 



j note) . 



SLAVE MSB OUT 



t 



BIT6----1 

■V 



<0>* 



h® 



MOSI 
(INPUT) 



-Ik© <§H k 



SLAVE LSB OUT 



MSB IN 5 \ ^ BIT6 -• -\ ^ ^ LSB IN ^ - 



NOTE' Not delined but normally LSB ol character previously transmitted. 

d) SPI SLAVE TIMING (CPHA=1) 



Figure 28. SPI Timing Diagrams (Sheet 2 of 2) 
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'VDDR 



V DD Vqq Threshold (1-2 V Typicall 



Internal 
Processor 
Clock* 



Internal 
Address 
Bus* 



x .^rTT ffmTTTT////////// '////////////////// 7 '//////////// V//////777 



j toxov 



r — i 



4064 t cyc I 



o 

en 
oo 
X 

o 
o 

CJI 

O 

CO 





X t RL > 






r *** i 


/ 



*0SC1 line is not meant to represent frequency It is only used to represent time 

•The next rising edge of the internal processor clock following the rising edge of RESET initiates the reset sequence 



Figure 29. Power-On Reset and RESET 



CO 



MC68HC705C8 



ORDERING INFORMATION 

The following table provides ordering information pertaining to the package type, temperature, and MC order numbers 
for the MC68HC705C8 device. 



OTPROM MCU Devices 



Package Type 


Temperature 


MC Order Number 


Plastic 
(P Suffix) 


0°Cto +70°C 
-40°Cto +85°C 


MC68HC705C8P 
MC68HC705C8CP 


PLCC 
(FN Suffix) 


0°Cto +70°C 
-40°C to +85°C 


MC68HC705C8FN 
MC68HC705C8CFN 



EPROM MCU Device 



Package Type 


Temperature 


MC Part Number 


Cerdip 
(S Suffix) 


0°Cto +70°C 
-40X to + 85°C 


MC68HC705C8S 
MC68HC705C8CS 



MECHANICAL DATA 



This section contains the pin assignments and package dimensions for the MC68HC705C8. 




PIN ASSIGNMENTS 



40-PIN DUAL-IN-LINE PACKAGE 



44-LEAD PLCC PACKAGE 



RESET! 1 
iRQ [ 2 
NCl 3 
PA7l 4 
PA6[ 5 
PA5[ 6 
PA4[ 7 
PA3[ 8 
PA2[ 
PA1 [ 
PA0[ 
PB0[ 
PB1 [ 
PB2[ 
PB3[ 
PB4[ 
PB5[ 
PB6[ 
PB7[ 

vssl 



40 lV DD 
39 ] OSC1 
38 ] OSC2 
37 ] TCAP 
] PD7 
] TCMP 
] PD5/SS 
] PD4/SCK 
] PD3/MOSI 
]PD2/MISO 
] PD1/TDO 
]PD0/RDI 
]PC0 
]PC1 
]PC2 
]PC3 
24 ]PC4 
23 ]PC5 
22 ]PC6 
21 ]PC7 



< < u o I? 
£ 2 z zlElcc 

oxxcLnjug 



QU U < 
Q CO CO O O 
> O O h- Z 

onona 



PA5C 7 

PA4[ 

PA3C 

PA2[ 

PA1 [ 

PA0[ 12 

PBOC 

PB1 C 

PB2[ 

PB3[ 

PB4[ 17 



34 



18 

u uu u 



° £ tu 

o. a. a. 



23 

an 



28 

uuuuu 

E3 8 S 5 S3 

a. a. a. a. a. 



39 D PD7 

2 TCMP_ 
] PD5/SS 
D PD4/SCK 

3 PD3/M0SI 
3 PD2/MIS0 
3PD1/TD0 
3PD0/RDI 
3PC0 
DPC1 

29 3 PC2 



NOTE: Bulk substrate tied to Vss- 
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Technical Summary 

8-Bit Microcontroller Unit 

The MC68HC805B6 (HCMOS) microcontroller unit (MCU) is a member of the M68HC05 Family of microcontrollers. 
This high-performance, low-power MCU has parallel I/O capability with pins programmable as input or output. This 
publication contains condensed information on the MCU; for more detailed information, contact your local Motorola 
sales office. 

The following block diagram depicts the hardware features; additional features available on the MCU are shown 
below and at the top of page 2. 

• On-Chip Oscillator with Crystal/Ceramic Resonator 

• Memory-Mapped I/O 

• 176 Bytes of On-Chip RAM 

• 256 Bytes of Byte-Erasable EEPROM (EEPROM1) 



3 



BLOCK DIAGRAM 



< < 5 5 ia 



PORT B 
I/O LINES 



PORTA 
I/O LINE 



PBO 
PB1 
PB2 
PB3 
PB4 
PB5 
PB6 
PB7 



PAO 
PA1 
PA2 
PA3 
PA4 
PA5 
PA6 
PA7 



1 L II H 





PORT 


DATA 




B 


DIR 




REG 


REG 

















PORT 


DATA 


A 


DIR 


REG 


REG 



TIMER SYSTEM 



INDEX 
REGISTER 



CONDITION CODE 
REGISTER „ 



STACK 
POINTER 



PROGRAM COUNTER 
HIGH 

5 PCH 



PROGRAM COUNTER 
LOW 



— WATCHDOG SYSTEM 



OSCILLATOR 
AND 
DIVIDER BY 2 32 



CPU 
CONTROL 




0SC1 
0SC2 



INTERNAL PROCESSOR CLOCK 



DATA 


PORT 


DIR 


C 


REG 


REG 



■ PCO 

• PCI 

• PC2/ECLK 
•PC3 



• PC4 

• PC5 
•PCB 

•PC7 



PORT C 
I/O LINES 



PORT D 
1 



• PDO ANO 

- PD1 AN1 

• PD2 AN2 
•PD3AN3 

- PD4/AN4 
-PD5/AN5 

- PD6 ANB 
" PD7 AN7 

•VRH 
■Vrl 



VPP6 



Vppi 





EEPR0M6 
5952 x 8 




EEPROMI 

255 x8 




BOOTSTRAP ROM 
368 - 8 




OPTION REG 

1x8 








CHARGE 




PUMP 



STATIC RAM 
176x8 







SCI SYSTEM 











• RDI 
■ SCLK 

• TDO 

VDD 

VSS 



This document contains information on a new product Specifications and information herein are subject to change without notice. 
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FEATURES (Continued) 

• 368 Bytes of Bootstrap ROM 

• 5952 Bytes of Bulk-Erasable EEPROM (EEPROM6) 

• 24 Bidirectional I/O Lines and 8 Input-Only Lines 

• Serial Communications Interface (SCI) System 

• 8-Channel A/D Converter 

• Watchdog System 

• Bootstrap Capability 

• Power-Saving STOP and WAIT Modes 

• Single 3.0- to 6.0-Volt Supply 

• Fully Static Operation 

• Two Pulse-Length Modulation Systems (D/A) 

• 16-Bit Timer with Two Input Capture and Two Output Compare Functions 

• 2-Channel Pulse Length Modulator 

• Slow Mode Option Divides the Basic Clock Frequency by 16 




SIGNAL DESCRIPTION 

The signal descriptions of the MCU are discussed in 
the following paragraphs. 

v D d and Vss 

Power is supplied to the microcontroller using these 
two pins. Vqd is the positive supply, and Vss is ground. 

IRQ 

This pin is a programmable option that provides four 
different choices of interrupt triggering sensitivity. Refer 
to INTERRUPTS for more detail. This pin is also used to 
change operating modes. See Table 2. 

OSC1. OSC2 

These pins provide control input for an on-chip clock 
oscillator circuit. A crystal, a ceramic resonator, or an 
external signal connects to these pins providing a system 
clock. The oscillator frequency is two times the internal 
bus rate (or 32 times as a software option). 

Crystal 

The circuit shown in Figure 1 (b) is recommended when 
using a crystal. Using an external CMOS oscillator is rec- 
ommended when crystals outside the specified ranges 
are to be used. The crystal and components should be 
mounted as close as possible to the input pins to mini- 
mize output distortion and start-up stabilization time. Re- 
fer to ELECTRICAL SPECIFICATIONS for Vdd 
specifications. 

Ceramic Resonator 

A ceramic resonator may be used in place of the crystal 
in cost-sensitive applications. The circuit in Figure 1(b) is 
recommended when using a ceramic resonator. Figure 
1(a) lists the recommended capacitance and resistance 
values. The manufacturer of the resonator considered 
should be consulted for specific information on resonator 
operation. 



External Clock 

An external clock should be applied to the OSC1 input 
with the OSC2 input not connected, as shown in Figure 
Kd). 

INPUT CAPTURE (TCAP1) 

This pin controls the input capture 1 feature for the on- 
chip programmable timer. This pin is also used to change 
operating modes. See Table 2. 

INPUT CAPTURE (TCAP2) 

This pin controls the input capture 2 feature for the on- 
chip programmable timer. 

OUTPUT COMPARE (TCMP1) 

This pin provides an output for the output compare 1 
feature of the on-chip timer. 

OUTPUT COMPARE (TCMP2) 

This pin provides an output for the output compare 2 
feature of the on-chip timer. 



RESET 

This pin is used to reset the MCU an d provide an orderly 
start-up procedure by pulling RESET low. The voltage on 
this pin affects the mode of operation (see Table 2). 

INPUT/OUTPUT PORTS (PA0-PA7, PB0-PB7, PC0-PC7) 

These 24 lines are arranged into three 8-bit ports (A, 
B, and C). These ports are programmable as either inputs 
or outputs under software control of the data direction 
registers. Refer to PROGRAMMING for additional infor- 
mation. 

FIXED INPUT PORT (PD0/AN0-PD7/AN7) 

These eight lines comprise port D, a fixed input port. 
Enabling the A/D function affects this port. Port D accepts 
the eight analog inputs when the A/D is enabled. Port D 
can be used for digital input during a conversion se- 
quence, but this may inject noise on the analog signals, 
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Crystal 



Ceramic Resonator 





2 MHz 


4 MHz 


Units 


RSMAX 


400 


75 


n 


c 0 


5 


7 


pF 


C1 


0.008 


0.012 


M-F 


COSC1 


15-40 


15-30 


pF 


COSC2 


15-30 


15-25 


pF 


R P 


10 


10 


mo 


Q 


30 


40 


K 





2-4 MHz 


Units 


Rs (typical) 


10 


(2 


c 0 


40 


pF 


Cl 


4, 3 


RF 


c OSC1 


30 


PF 


c OSC2 


30 


pF 


R P 


1-10 


Mil 


Q 


1250 





(a) Crystal/Ceramic Resonator Parameters 



CQSC1 




L C, R S 



0SC2 
17 




0SC1 
16 




II 





CQSC2 



HQl- 



(b) Crystal/Ceramic Resonator 
Oscillator Connections 



(c) Equivalent Crystal Circuit 



MCU 

0SC1 0SC2 



T 7 



UNCONNECTED 
< EXTERNAL CLOCK 



(d) External Clock Source Connections 
Figure 1. Oscillator Connections 



reducing the conversion accuracy. Also, a digital read of 
port D with levels other than Vdd or Vss on the pins 
results in greater power dissipation during the read cycle. 
Refer to PROGRAMMING for additional information. 

PLMA 

This pin is the output of the pulse-length modulation 
converter A. See PULSE-LENGTH D/A CONVERTERS for 
further information. 

PLMB 

This pin is the output of the pulse-length modulation 
converter B. See PULSE-LENGTH D/A CONVERTERS for 

further information. 

RDI (Receive Data In) 

This pin is the input of the SCI. See SERIAL COMMU- 
NICATIONS INTERFACE for more information 

TDO (Transmit Data Out) 

This pin is the output of the serial communications 
transmitter. See SERIAL COMMUNICATIONS INTER- 
FACE for more information. 



SCLK 

This pin is the clock output pin of the SCI transmitter. 
See SERIAL COMMUNICATIONS INTERFACE for more 
information. 

Vppi 

This pin isthe EEPROM1 programming voltage output. 
See EEPROM for further information. 

VpP6 

This pin is the EEPROM6 programming voltage. See 
EEPROM for further information. 

Vrh 

This pin is the positive reference voltage for the A/D 
converter. 

VRL 

This pin is the negative reference voltage for the A/D 
converter. 
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INPUT/OUTPUT PROGRAMMING 

Input/output port programming, fixed input port pro- 
gramming, and serial port programming are discussed 
in the following paragraphs. 

INPUT/OUTPUT PORT PROGRAMMING 

Any port pin is programmable as either an input or an 
output under software control of the corresponding data 
direction register (DDR). Each port bit can be selected as 
output or input by writing the corresponding bit in the 
port DDR to a logic one for output and logic zero for input. 
On reset, all DDRs are initialized to logic zero to put the 
ports in the input mode. The port output registers are not 
initialized on reset but may be written to before setting 
the DDR bits to avoid undefined levels. 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Refer to 
Figure 2 for typical port circuitry and to Table 1 for a list 
of the I/O pin functions. 

Under software control, the PC2 pin can become the 
CPU clock output. If this option is selected, the corre- 
sponding DDR bit is automatically set, and bit 2 of port 
C always reads the output data latch. The other port C 

Table 1. I/O Pin Functions 



R/W* 


DDR 


I/O Pin Functions 


0 


0 


The I/O pin is in input mode. Data is 
written into the output data latch. 


0 


1 


Data is written into the output data latch 
and output to the I/O pin. 


1 


0 


The state of the I/O pin is read. 


1 


1 


The I/O pin is in an output mode. The 
output data latch is read. 



*R/W is an internal signal. 



pins are not affected by this feature. See ECLK bit in 
EEPROM/ECLK Control Register for details. 

FIXED INPUT PORT PROGRAMMING 

Port D is a fixed input port that monitors the external 
pins whenever the A/D is disabled. After reset, all eight 
bits become digital inputs because all special function 
drivers are disabled. Port D is always a digital input, 
whether the A/D is on or off. 

NOTE 

Any unused inputs and I/O ports should be tied to 
an appropriate logic level (e.g., either Vqd or VSS)- 

SERIAL PORT (SCI) PROGRAMMING 

The SCI uses two or three pins for its functions: RDI 
for its receive data input, TDO for its transmit data output, 
and SCLK to output the transmitter clock, if needed. 



MEMORY 

The MCU is capable of addressing 8192 bytes of mem- 
ory and I/O registers, as shown in Figure 3. The locations 
consist of user ROM, user RAM, EEPROM, bootstrap ROM, 
control registers, and I/O. The user-defined reset and in- 
terrupt vectors are located from S1FF0 to $1 FFF. 

The shared stack area is used during processing of an 
interrupt or subroutine call to save the CPU state. The 
stack pointer decrements during pushes and increments 
during pulls. Refer to INTERRUPTS for additional infor- 
mation. 

NOTE 

Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. 

EEPROM 

The MCU has 256 bytes of byte-erasable EEPROM, called 
EEPROM1, and 5952 bytes of bulk-erasable EEPROM, 



DATA DIRECTION 
REGISTER 
BIT 



INTERNAL 
MCU \ 
CONNECTIONS 



LATCHED 
OUTPUT DATA 
BIT 





I/O 
PIN 




Figure 2. Typical Port I/O Circuit 



MOTOROLA MICROPROCESSOR DATA 
3-1222 



MC68HC805B6 



3 



$0000 


I/O AND 


0000 




REGISTERS 




J001F 


32 BYTES 


0031 


$0020 


PAGE 0 


0032 




USER ROM 




$004F 


48 BYTES 


0079 


$0050 


RAM 


0080 


JOOBF 


176 BYTES 


0191 


$ooco 


INCLUDING 


0192 








$00FF 


64 BYTES 


0255 


$0100 


OPTR 1 8YTE 




$0101 


TeprUmi 


0257 




256 BYTES TOT 






31 BYTES 




SOI IF 


NON PROTECTED 


0287 


$0120 


224 BYTES 


0288 


$OIFF 


PROTECTED 


0511 


$0200 


BOOTSTRAP 


0512 




ROM 1 




S027F 


128 BYTES 


0639 


$0280 


UNUSED 


0640 


$07FF 


1408 BYTES 


3839 


$0800 


USER EEPR0M6 


3840 


S1EFF 


5888 BYTES 


7935 


$1F00 


BOOTSTRAP 


7936 




ROM II 




$IFEF 


240 BYTES 


8175 


$1FF0 


USER EEPR0M6 


8176 




VECTORS 




$1FFF 


16 BYTES 




8191 



PORTS 
7 BYTES 
EEPROM/ECLK 
CONTROL 

1 BYTE 

A/D CONVERTER 

2 BYTE 

PLM SYSTEM 
2 BYTES 

MISCELLANEOUS 
I BYTE 

SERIAL 
COMMUNICATIONS 
INTERFACE 
5 BYTES 

TIMER 
14 BYTES 




PORT A DATA REGISTER 


$00 


PORT B DATA REGISTER 


$01 


PORT C DATA REGISTER 


$02 


PORT D INPUT DATA REGISTER 


$03 


PORT A DATA DIRECTION REGISTER 


$04 


PORT B DATA DIRECTION REGISTER 


$05 


PORT C DATA DIRECTION REGISTER 


$06 


EEPROM/ECLK CONTROL REGISTER 


$07 


A/D DATA REGISTER 


$08 


A/D STATUS/CONTROL REGISTER 


$09 


PULSE LENGTH MODULATION A 


$0A 


PULSE LENGTH MODULATION B 


SOB 


MISCELLANEOUS REGISTER 


$oc 


SCI BAUD RATE REGISTER 


$0D 


SCI CONTROL REGISTER 1 


$0E 


SCI CONTROL REGISTER 2 


SOF 


SCI STATUS REGISTER 


$10 


SCI DATA REGISTER 


$11 


TIMER CONTROL REGISTER 


$12 


TIMER STATUS REGISTER 


$13 


CAPTURE HIGH REGISTER 1 


$14 


CAPTURE LOW REGISTER 1 


$15 


COMPARE HIGH REGISTER 1 


$16 


COMPARE LOW REGISTER 1 


$17 


COUNTER HIGH REGISTER 


$18 


COUNTER LOW REGISTER 


$19 


ALTERNATE COUNTER HIGH REGISTER 


$1A 


ALTERNATE COUNTER LOW REGISTER 


$1B 


CAPTURE HIGH REGISTER 2 


SIC 


CAPTURE LOW REGISTER 2 


$1D 


COMPARE HIGH REGISTER 2 


$1E 


COMPARE LOW REGISTER 2 


S1F 



Figure 3. Memory Map 



called EEPR0M6. An internal charge pump, connected to 
the Vppi pin, supplies a high voltage for erase and pro- 
gramming of EEPROMl.TheVppi pin should be left open. 
For erase and programming of EEPROM6, a high voltage 
must be applied to the Vpp6 pin. 

CAUTION 

When programming voltage is not required at Vpp6, 
a voltage equal to Vqd must be applied at all times, 
including power-on. Applying a voltage lower than 
VDD could damage the device. An external high 
voltage should not be applied to the Vppi pin. 

To provide a higher degree of security for stored data, 
there is no bulk or row erase in EEPROM1. 



Read Operation 

To read data from EEPROM1, the E1LAT bit must be 
zero. When E1LAT is zero, the E1PGM and E1ERA bits 
are forced to zero, and EEPROM1 is read as if it were a 
normal ROM. The Vppi charge pump generator is off 
since E1PGM is zero. If a read is performed while E1LAT 
is set, data will be read as $FF. 



NOTE 

When not performing a programming or erase op- 
eration on the EEPROM, remain in read mode 
(E1LAT=0). 



Erase Operation 

The bootstrap loading program contains a routine that 
will erase and program both EEPROM1 and EEPROM6. 
See Bootstrap Mode for more information. 

To erase a byte of EEPROM1, set E1LAT and E1ERA to 
one, write to the address to be erased, and set E1PGM 
for a time trfRAL- After the required erase time, E1LAT 
must be cleared, which resets El ERA and E1PGM. To 
erase a second word, E1LAT must be cleared before it is 
set, or the erase will have no effect. This procedure is 
done to increase the security of the stored data. While 
an erase is being performed, any access to the EEPROM1 
will return $FF. Data written in an erase operation is not 
used; therefore, its value is not significant. User pro- 
grams must be running from ROM or RAM, since 
EEPROM1 has its address and data buses latched. 

The EEPROM6 can only be bulk erased in the bootstrap 
mode (see Table 2). 
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Programming Operation 

To program a byte of EEPROM 1 , set the E1 LAT bit, write 
data to the desired address, and set the E1 PGM bit. After 
the required programming delay (tpROGlh E1LAT must 
be cleared, which also resets E1PGM. During a program- 
ming operation, any access to EEPROM1 will return $FF. 

NOTE 

To program a byte correctly, the byte must have 
been previously erased. 

To program a second word, E1LAT must be cleared 
before it is set, or the programming will have no effect. 
This procedure is done to increase the security of the 
stored data. User programs must be running from RAM 
or ROM since EEPROM1 will have its data buses latched. 

EEPROM6 can only be programmed in bootstrap mode. 

User programs must be running from RAM or ROM 
since EEPROM6 will have its data buses latched during 
the programming operation. 

Bootstrap Mode 

The MCU contains a bootstrap program in ROM that 
can be used to program the EEPROMs. Table 2 shows 
how the operating modes are selected. 



Table 2. Operating Mode Selection 



RESET Pin 


IRQ Pin 


TCAP1 Pin 


Mode 




Vss to Vdd 


Vss to Vqd 


Normal 




+ 9 Volts 


vdd 


Bootstrap 


vss 


vss to Vdd 


Vss to Vdd 


Reset Condition 



The hold time on the IRQ and TCAP1 pins is two clock 
cycles after RESET goes high. 

Four bootstrap modes are available, selected by the 
state of pins PD3/AN3 and PD4/AN4 when bootstrap mode 
is selected. Figure 4 is a flowchart of the operating modes 
of the MCU. The four modes available are 1) EEPROM 
parallel bootstrap, 2) EEPROM serial bootstrap, 3) Serial 
operation, and 4) RAM bootstrap. 

EEPROM Parallel Bootstrap 

The EEPROM parallel bootstrap is entered by setting 
the bits as follows: 
PD3/AN3 = 0 
PD4/AN4 = 0 

Figure 5 shows a schematic diagram of a circuit that 
can be used for the parallel bootstrap operation. First, 
the EEPROM6 is erased (if Vpp6 is applied) and checked 
for complete erasure. If a byte other than $FF is detected, 
the red LED is turned on, and the erase is repeated until 
erasure is complete. Before erasing EEPROM1, the red 
LED is turned off. EEPROM1 is erased and checked for 



complete erasure (repeating the erase if needed), and the 
security bit is cleared. 

After both EEPROMs are erased, they are loaded in 
increasing address order. Segments containing no 
EEPROM are skipped by the loader. An algorithm in the 
bootstrap program skips $FF data bytes to speed the 
loading process. Parallel data is entered through port A; 
the 13-bit address is output on port B and port C, CO to 
C4. If data comes from an external EEPROM, the hand- 
shake can be disabled by connecting C5 and C6. If data 
is supplied by a parallel interface, handshake is supplied 
by C5 and C6, with the timing shown in Figure 6. 

Both EEPROM1 and EEPROM6 can be loaded from an 
external source. If one segment, such as EEPROM1, is to 
retain unprogrammed (previously erased) data, then the 
data for this segment should be all FFs. 

EEPROM Serial Bootstrap 

The EEPROM serial bootstrap is entered by setting the 
bits as follows: 
PD3/AN3 = 1 
PD4/AN4 = 0 

Figure 7 shows a schematic diagram of a circuit that 
can be used for the serial bootstrap operation. First, the 
EEPROM6 is erased (if Vpp6 is applied) and checked for 
complete erasure. If a byte other than $FF is detected, 
the red LED is turned on, and the erase is repeated until 
erasure is completed. Before erasing EEPROM1, the red 
LED is turned off, EEPROM1 is erased and checked for 
complete erasure (repeating the erase if needed), and the 
security bit is cleared. 

The serial routine communicates through the SCI with 
an external host computer such as an IBM'™' PC using an 
RS-232C link with the following parameters: 
9600 Baud 
8 Bit 

No Parity 
Full Duplex 

The data format is 8-bit binary, so a complementary 
program in the host is required to supply the necessary 
format. This program is available from Motorola for the 
IBM PC. The format required for the serial loader is as 
follows: 

(address high) (address low) (data) 

The protocol for host communication is as follows: 

1. The MCU sends the last byte programmed to the 
host to allow the host to verify correct program- 
ming (data is undetermined for the first byte). 

2. The host sends the three data bytes to the MCU. 

3. Non-$FF data is programmed at the address pro- 
vided in port, RAM, or EEPROM. For $FF data, no 
programming takes place, and data in the ac- 
cessed location is returned as a prompt. 

4. Loop to one. 

Addresses from $50 to $82 are used by the loader, and 
are not available during serial loading. All addresses be- 
tween $83 and $E4 are available for user test programs 



IBM is a trademark of International Business Machines 
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Figure 5. EEPROM Parallel Bootstrap Schematic Diagram 
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Figure 6. EEPROM Load Timing Diagram 



in RAM. Addresses $E4 and above are pointed to by vec- 
tors (see Table 3), making vectors (except reset) available 
to the user. A 10-byte stack is reserved at the top of the 
RAM to allow, for example, one interrupt and two sub- 
routine levels. 

Table 3. Bootstrap Vector Targets in RAM 



Vector Targets 


Vector Address 


SCI Interrupt 


$E4 


Timer Overflow 


$E7 


Timer Output Compare 


SEA 


Timer Input Capture 


SED 


External Interrupt 


$F0 


Software Interrupt 


$F3 



Program execution is started by sending a negative 
address (bit 7 set); execution begins at address $83. 

Serial Operation 

Serial operations other than serial bootstrap are en- 
tered by setting the bits as follows: 
PD3/AN3 = 1 
PD4/AN4 = 1 

If the security bit is active (0), the program performs 
an erase operation. First, the EEPROM6 is erased (if Vpp6 
is applied) and checked for complete erasure. If a byte 
other than $FF is detected, the red LED is turned on, and 
the erase is repeated until erasure is complete. Before 
erasing EEPROM1, the red LED is turned off, EEPROM1 
is erased and checked for complete erasure (repeating 
the erase if needed), and the security bit is cleared. 

The serial protocol and format are identical to those 
described in EEPROM Serial Bootstrap, except that here 
the serial routines are entered without going through an 
erase cycle if the SEC bit is not active. 

Serial read can be performed by sending the address 
desired, followed by a data byte of $FF. The $FF byte 



causes a skip of the programming operation, and the byte 
returned is the actual content of the addressed location. 



RAM Parallel Bootstrap 

The RAM parallel bootstrap is entered by setting the 
bits as follows: 
PD3/AN3 = 0 
PD4/AN4=1 

If the security bit is active (0), the program performs 
an erase operation. First, the EEPROM6 is erased (if Vpp6 
is applied) and checked for complete erasure. If a byte 
other than $FF is detected, the red LED is turned on, and 
the erase is repeated until erasure is complete. Before 
erasing EEPROM1, the red LED is turned off, EEPROM1 
is erased and checked for complete erasure (repeating 
the erase if needed), and the security bit is cleared. 

If the security bit is not active (1), the RAM bootstrap 
program is executed and loads the RAM with external 
data. When the RAM gets full, control passes to the loaded 
program at address $50. Refer to Figure 8 for details of 
the external connections. Up to eight programs can be 
loaded from the EPROM. Selection is made using the 
switches connected to the higher order address bits of 
the EPROM. 

No handshake is provided in this mode. Address lines 
CO to C4 and C7 will be zero; C5 will be high; and C6 is 
unused. If a user program sets CO to a logic one, the 
EPROM is disabled, and ports A and B are available. 

EEPROM/ECLK Control Register $07 
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0 










ECLK 


ElERA 


E1LAT 


E1PGM 


RESET 
0 


0 


0 


0 


0 


0 


0 


0 



Bit 7-4 are reserved for factory test. 
ECLK — ECLK Control 

1 = I/O port function of PC2 is forced to output mode, 
and PC2 outputs the ECLK CPU clock. 
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Figure 7. RAM/EEPROM Serial Bootstrap Schematic Diagram 



0 = PC2 functions as a regular I/O pin. 

When ECLK is set, the corresponding DDR bit is 
set, and port C, bit 2 always reads the output data 
latch. Other port C pins are not affected. 
E1ERA — EEPROM1 Erase 

1 = An erase will take place if E1LAT and E1PGM are 

both one. 

0 = A programming operation will take place if E1 LAT 

and E1PGM are both one. 
If E1LAT = 0, E1ERA is held at zero. Once an EE- 
PROM address is selected, E1ERA cannot be 
changed. 
E1LAT — EEPROM1 Latch Enable 

1 = Address and data can be latched into the EEPROM 

for programming or erase operation if E1 PGM = 0. 



0 = Data can be read from the EEPROM, and the E1 ERA 

and E1PGM bits are cleared. 
After the programming or erase time, the E1LAT 
bit must be reset in order to reset the E1ERA and 
E1PGM bits. 
E1PGM — EEPROM1 Program Mode 

1 = Charge pump generator is on, and the resulting 

high voltage is applied to the EEPROM1 array. 
0 = Charge pump generator is off. 
E1PGM cannot be set before the data is selected; 
it can only be reset by resetting E1LAT. 
The Vppi charge pump is not affected by the WAIT 
mode; therefore, WAIT can be used for the erase or pro- 
gramming delay time. If STOP mode is entered, the 
EEPROM is set to read mode. 
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The Vppi charge pump generator is normally supplied 
by the CPU clock, but for very low clocking frequencies, 
the A/D RC oscillator should be used. See A/D CON- 
VERTER for more information. 

Options Register (OPTR) $0100 
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0 














EE1P 


SEC 


RESET. 
U 


U 


U 


U 


U 


U 


, U 


u 




(U = Unaffected) 

EE1P — EEPROM1 Part 2 Protect 
1 =EEPROM1 not protected. 

0 = EEPROM1 addresses from $0120 to $01 FF are read 

only, and attempts to erase or program this area 
will be unsuccessful. 

When this bit is erased to one, protection remains 
until the next external or power-up reset occurs. 
SEC — EEPROM1 Security Bit 

1 = Security not active. 

0 = EEPROM1 contents secured from external access. 
The SEC bit can only be changed to one by entering 
EEPROM bootstrap mode, which erases the entire 
EEPROM. When SEC is changed, the new value has 
no effect until the next external or power-up reset. 



STACK POINTER (SP) 

The stack pointer is a 13-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set to location $00FF. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

When accessing memory, the seven most significant 
bits are permanently set to 000001 1 . These seven bits are 
appended to the six least significant register bits to pro- 
duce an address within the range of $00FF to $00C0. 
Subroutines and interrupts may use up to 64 (decimal) 
locations. If 64 locations are exceeded, the stack pointer 
wraps around and loses the previously stored informa- 
tion. A subroutine call occupies two locations on the stack; 
an interrupt uses five locations. 
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1 


1 


SP 



CONDITION CODE REGISTER (CCR) 

The CCR is a 5-bit register in which four bits are used 
to indicate the results of the instruction just executed. 
These bits can be individually tested by a program, and 
specific actions can be taken as a result of their state. 
Each bit is explained in the following paragraphs. 



REGISTERS 

The MCU contains the registers described in the fol- 
lowing paragraphs. 

ACCUMULATOR (A) 

The accumulator is a general-purpose 8-bit register used 
to hold operands and results of arithmetic calculations 
or data manipulations. 



H 


1 


N 


Z 


C 



INDEX REGISTER (X) 

The index register is an 8-bit register used for the in- 
dexed addressing mode. It contains an 8-bit value that 
may be added to an 8- or 1 6-bit immediate value to create 
an effective address. The index register may also be used 
as a temporary storage area. 



PROGRAM COUNTER (PC) 

The program counter is a 13-bit register that contains 
the address of the next instruction to be executed. 



12 



PC 



Half Carry (H) 

This bit is set during ADD and ADC operations to in- 
dicate that a carry occurred between bits 3 and 4. 

Interrupt (I) 

When this bit is set, the timer and external interrupt is 
masked (disabled). If an interrupt occurs while this bit is 
set, the interrupt is latched and processed as soon as the 
interrupt bit is cleared. 

Negative (N) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative 
(bit 7 in the result is a logic one). 

Zero (Z) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 

Carry/Borrow (C) 

When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during 
bit test and branch instructions and during shifts and 
rotates. 
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RESETS 

The MCU can be reset two ways: by init ial po wer-up 
(POR) and by the external reset input (RESET). The RESET 
input c onsists mainly of a Schmitt trigger that senses the 
RESET line logic level. 



POWER-ON RESET 

An internal reset is generated on power-up to allow 
the internal clock generator to stabilize. The power-on 
reset is strictly for power turn-on conditions and should 
not be used to detect a drop in the power supply voltage. 
Once the internal processor becomes active, a delay of 
4064 clock cycles (tprjRL) occurs. If the RESET pin is low 
at the end of t pQRL, the MCU will remain in the reset 
condition until RESET goes high. 



EXTERNAL RESET INPUT 

The MCU is reset when a logic zero is applied to the 
RESET input for a period of one and one-half machine 
cycles (t cyc ). 

Miscellaneous Register ($0C) 
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POR 


INTP 


INTN 


INTE 


SFA 


SFB 


SM 


WDOG 


RESET 
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0 


1 
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0 


0 



(U = Unaffected) 

POR — Power-On Reset 

1=The reset occurring is a power-on, not external, 
reset 

0 = Power-on reset not in progress 
INTP — External Interru pt Po sitive 

Allows a choice of IRQ sensitivity, with INTN. See 
Table 4. 

INTN — External Interrupt Negative 

Allows a choice of IRQ sensitivity, with INTP. See 
Table 4. 

INTE — External Interrupt Enable 

Allows the user to enable or disable the external in- 
terrupt function. 

SFA — Slow/Fast Selection for PLMA 

1 = Slow speed used for PLMA (4096 times the timer 

clock period). 

0=Fast speed used for PLMA (256 times the timer 
clock period). See PULSE-LENGTH D/A CON- 
VERTERS. 
SFB — Slow/Fast Selection for PLMB 

1 = Slow speed used for PLMB (4096 times the timer 
clock period). 

0 = Fast speed used for PLMB (256 times the timer 

clock period). See PULSE-LENGTH D/A CON- 
VERTERS. 
SM — Slow Mode 

1 = System runs at 1/1 6th the normal clock rate (fcW 

32). 

0 = System runs at normal clock rate (f osc /2). 



WDOG — Watchdog Counter System 

1= Watchdog counter system enabled. 
0 = Watchdog counter system disabled. 

NOTE 

The reset generated by the watchdog timer is a 
system reset; thus, the watchdog is disabled after 
a watchdog reset. 

Table 4. External Interrupt Options 
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INTN 


External Interrupt Options 
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Negative Edge and Low-Level Sensitive 


0 


1 


Negative Edge Only 


1 


0 


Positive Edge Only 


1 


1 


Positive and Negative Edge Sensitive 



Slow Mode 

The slow mode function is controlled by the SM bit in 
the miscellaneous register ($0C). In slow mode (SM = 1 ), 
an extra divide-by-sixteen circuit is added between the 
oscillator and the internal clock driver. This slows all func- 
tions by a factor of 16 (including SCI, A/D, and timer), 
which is particularly useful in WAIT mode. SM is cleared 
by external or power-on reset and by STOP mode. 

NOTE 

If slow mode is enabled while using the A/D, the 
internal A/D RC oscillator should be turned on. 

Watchdog System 

The watchdog counter is driven by the 1024 prescaler 
in the timer and, unless the counter is reset, generates a 
system reset when it reaches its maximum count 
(1024x8). 

The watchdog system is controlled by the WDOG bit 
in the miscellaneous register ($0C). Writing a one to the 
bit starts the watchdog or, if it is already started, resets 
the counter to zero. Writing a zero has no effect; the 
WDOG bit can only be cleared by external or power-on 
reset. 

The watchdog timer suspends operation during WAIT 
and resets its count, resuming normal operation follow- 
ing reset. 



INTERRUPTS 

The MCU can be interrupted four different ways: the 
three maskable hardware interrupts (IRQ, SCI, and timer) 
and the nonmaskable software interrupt instruction (SWI). 

Interrupts cause the processor to save register contents 
on the stack and to set the interrupt mask (I bit) to prevent 
additional interrupts. The RTI instruction causes the reg- 
ister contents to be recovered from the stack and normal 
processing to resume. The stacking order is shown in 
Figure 9. 
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Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted but are con- 
sidered pending until the current instruction is complete. 

NOTE 

The current instruction is the one already fetched 
and being operated on. 

When the current instruction is complete, the processor 
checks all pending hardware interrupts. If unmasked (I 
bit clear) and if the corresponding interrupt enable bit is 
set, the processor proceeds with interrupt processing; 
otherwise, the next instruction is fetched and executed. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex- 
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction, regardless of the 1-bit state. 
Refer to Figure 10 for the reset and interrupt instruction 
processing sequence. 

TIMER INTERRUPT 

There are three different timer interrupt flags that cause 
a timer interrupt whenever they are set and enabled. The 
interrupt flags are in the timer status register (TSR), and 
the enable bits are in the timer control register (TCR). 
Refer to TIMER for more information. 



the interrupt line to the processor. The first method shows 
a single pulse on the interrupt line spaced far enough 
apart to be serviced. The minimum time between pulses 
is a function of the length of the interrupt service. Once 
a pulse occurs, the next pulse should not occur until an 
RTI occurs. This time (t||_||_) is obtained by adding 21 
instruction cycles to the total number of cycles it takes 
to complete the service routine (not including the RTI 
instruction). The second method shows many interrupt 
lines "wire-ORed" to form the interrupts at the processor. 
If the interrupt line remains low after servicing an inter- 
rupt, then the next interrupt is recognized. 

NOTE 

The internal interrupt latch is cleared in the first part 
of the interrupt service routine; therefore, one ex- 
ternal interrupt pulse could be latched and serviced 
as soon as the I bit is cleared. 

SOFTWARE INTERRUPT (SWI) 

The SWI is an executable instruction that is executed 
regardless of the state of the I bit in the CCR. If the I bit 
is zero, SWI executes after the other interrupts. The SWI 
operation is similar to the hardware interrupts. The in- 
terrupt service routine address is specified by the con- 
tents of memory locations $1FFC and $1FFD. 



EXTERNAL INTERRUPT 

If the interrupt mask bit (I bit) of the CCR is set, all 
interrupts are disabled Clearing the I bit enables the ex- 
ternal interrupt. The external interrupt is internally syn- 
chronized and then latched on the falling edge of IRQ. 
The action of the external interrupt is identical to the timer 
interrupt with the exception that the interrupt request 
input at IRQ is latched internally and the service routine 
address is specified by the contents of $1 FFA and $1 FFB. 

Four options are available for interrupt triggering sen- 
sitivity: 

• Negative edge and low level 

• Negative edge only 

• Positive edge only 

• Positive and negative edge 

See Miscellaneous Register ($0C) for further information. 

Figure 1 1 shows a mode timing diagram for the inter- 
rupt line. The timing diagram shows two treatments of 



SCI INTERRUPTS 

An interrupt in the SCI occurs when one of the interrupt 
flag bits in the serial communications status register is 
set, provided the I bit in the CCR is clear and the enable 
bit in the serial communications control register 2 is set. 
Software in the serial interrupt service routine must de- 
termine the cause and priority of the SCI interrupt by 
examining the interrupt flags and status bits in the SCI 
status register. 



LOW-POWER MODES 

STOP 

The STOP instruction places the MCU in its lowest power 
consumption mode. In the STOP mode, the internal os- 
cillator is turned off, halting all internal processing in- 
cluding timer, SCI, and A/D operation (refer to Figure 1 2). 
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NOTE: Since the Stack Pointer decrements during pushes, the 
PCL is stacked first, followed by PCH, etc. Pulling from 
the stack is in the reverse order. 

Figure 9. Interrupt Stacking Order 
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Figure 10. Reset and Interrupt Processing Flowchart 



During the STOP mode, the TCR bits are altered to 
remove any pending timer interrupt request and to dis- 
able any further timer interrupts. The timer prescaler is 
cleared. The I bit in the CCR is cleared to enable external 
interrupts. All other registers and memory remain unal- 
tered. All input/output lines remain unchanged. The pro- 
cessor can be brought out of the STOP mode only by an 
external interrupt or reset. 



SCI During STOP Mode 

When the MCU enters the STOP mode, the baud rate 
generator stops, halting all SCI activity. If the STOP in- 
struction is executed during a transmitter transfer, that 
transfer is halted. If a low input to the IRQ pin is used to 
exit STOP mode, the transfer resumes. If the SCI receiver 
is receiving data and the STOP mode is entered, received 
data sampling stops because the baud rate generator 
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Edge-Sensitive Trigger Condition 

The minimum pulse width (t|i_in) is either 
125 ns (Vdd = 5 V) or 250 ns (Vdd = 3 V). 
The perioo t||_||_ should not be less than 
the number of t cyc cycles it takes to ex- 
ecute the interrupt service routine plus 21 
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Level-Sensitive Trigger Condition 

If after servicing an interrupt the IRQ re- 
mains low, then the next interrupt is rec- 
ognized. 
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Figure 11. External Interrupt Mode Diagram 



stops, and all subsequent data is lost. For these reasons, 
all SCI transfers should be in the idle state when the STOP 
instruction is executed. 

Watchdog During STOP Mode 

The STOP instruction is inhibited when the watchdog 
system is enabled. If a STOP instruction is executed while 
the watchdog is enabled, a reset occurs that resets the 
entire MCU. 

EEPROM During STOP MODE 

The EEPROM is set to read, and the Vppi high-voltage 
charge pump generator is disabled when stop mode is 
entered. 

PLM During STOP Mode 

When the MCU enters stop mode, the PLM outputs 
remain at their particular level. If power-on or external 
reset causes the exit from stop mode, the register values 
are forced to $00. 

A/D Converter During STOP Mode 

When stop mode is entered with the A/D converter 
turned on, the A/D clocks are stopped and the A/D con- 
verter is disabled for the duration of stop mode, including 
the tpoRL-cycle startup time. If the A/D RC oscillator is 
used, it will also be disabled. 

When leaving STOP mode, after the tpoRL-cycle star- 
tup time, the A/D converter and A/D RC oscillator resume 
regular operation. However, a time tADON is required for 
the current sources to stabilize. During tADON- A/D con- 
version results may be inaccurate. 

WAIT 

The WAIT instruction places the MCU in a low-power 
consumption mode, but the WAIT mode consumes more 
power than the STOP mode. All CPU action and the 
watchdog system are suspended, but the timer, SCI, PLM, 
and A/D remain active (refer to Figure 13). An interrupt 



c 



STOP 



J 



STOP OSCILLATOR 
AND ALL CLOCKS 



CLEAR I BIT 




TURN ON OSCILLATOR 

WAIT FOR TIME 
DELAY TO STABILIZE 



(1) FETCH RESET VECTOR OR 
12) SERVICE INTERRUPT 

A. STACK 

B SET I BIT 

C VECTOR TO INTERRUPT 
ROUTINE 



Figure 12. STOP Function Flowchart 
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Figure 13. WAIT Function Flowchart 



from the timer, SCI, or an IRQ can cause the MCU to exit 
the WAIT mode. 

During the WAIT mode, the I bit in the CCR is cleared 
to enable interrupts. All other registers, memory, and 
input/output lines remain in their previous state. The timer 
may be enabled to allow a periodic exit from the WAIT 
mode. 

To achieve proper operation and reduce power con- 
sumption, the following points should be set as desired 
before entering wait mode: 

• Timer interrupt enable bits 

• A/D control bits 

• EEPROM control bits 

• SCI enable bits and interrupt enable bits 



TIMER 

The timer consists of a 16-bit, software-programmable 
counter driven by a fixed divide-by-four prescaler. This 
timer can be used for many purposes, including input 



waveform measurements of two input signals while si- 
multaneously generating two output waveforms. Pulse 
widths can vary from several microseconds to many sec- 
onds. The programmable timer works in conjunction with 
the PLM system to execute two 8-bit D/A PLM conver- 
sions, with a choice of two repetition rates. Referto Figure 
14 for a timer block diagram. 

Because the timer has a 16-bit architecture, each spe- 
cific functional segment (capability) is represented by two 
registers. These registers contain the high and low byte 
of that functional segment. Generally, accessing the low 
byte of a specific timer function allows full control of that 
function; however, an access of the high byte inhibits 
that specific timer function until the low byte is also ac- 
cessed. 

NOTE 

The I bit in the CCR should be set while manipu- 
lating both the high and low byte register of a spe- 
cific timer function to ensure that an interrupt does 
not occur. 
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Figure 14. Timer Block Diagram 



COUNTER 

The key element in the programmable timer is a 16- 
bit, free-running counter or counter register, preceded by 
a prescaler that divides the internal processor clock by 
four. The prescaler gives the timer a resolution of 2.0 
microseconds if the internal bus clock is 2.0 MHz. The 
counter is incremented during the low portion of the in- 
ternal bus clock. Software can read the counter at any 
time without affecting its value. 



The double-byte, free-running counter can be read from 
either of two locations, $18— $19 (counter register) or 
$1A-$1B (counter alternate register). A read from only 
the least significant byte (LSB) of the free-running counter 
($1 9, $1 B) receives the count value at the time of the read. 
If a read of the free-running counter or counter alternate 
register first addresses the most significant byte (MSB) 
($18, $1A), the LSB ($19, $1B) is transferred to a buffer. 
This buffer value remains fixed after the first MSB read, 
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even if the user reads the MSB several times. This buffer 
is accessed when reading the free-running counter or 
counter alternate register LSB ($19 or $1B) and, thus, 
completes a read sequence of the total counter value. In 
reading either the free-running counter or counter alter- 
nate register, if the MSB is read, the LSB must also be 
read to complete the sequence. 

The counter alternate register differs from the counter 
register in one respect: a read of the counter register LSB 
can clear the timer overflow flag (TOF). Therefore, the 
counter alternate register can be read at any time without 
the possibility of missing timer overflow interrupts due 
to clearing of the TOF. 

The free-running counter is configured to $FFFC during 
reset and is always a read-only register. During a power- 
on reset, the counter is also preset to SFFFC and begins 
running after the oscillator start-up delay. Because the 
free-running counter is 16 bits preceded by a fixed divide- 
by-four prescaler, the value in the free-running counter 
repeats every 262,144 internal bus clock cycles. When the 
counter rolls over from $FFFF to $0000, the TOF bit is set. 
An interrupt can also be enabled when counter rollover 
occurs by setting its interrupt enable bit (TOIE). 

NOTE 

Since the PLM system uses the timer counter, PLM 
results will be affected when resetting this counter. 

OUTPUT COMPARE REGISTERS 

There are two output compare registers: output com- 
pare register 1 (OCR1) and output compare register 2 
(OCR2). The output compare registers can be used for 
several purposes, such as controlling an output wave- 
form or indicating when a period of time has elapsed All 
bits are readable and writable and are not altered by the 
timer hardware or reset. If the compare function is not 
needed, the four bytes of the output compare registers 
can be used as storage locations. 

NOTE 

The same output compare interrupt enable bit is 
used for the two output compares. 

Output Compare Register 1 

The output compare register 1 (OCR1) is a 16-bit reg- 
ister, which is made up of two 8-bit registers at locations 
$16 (most significant byte) and $17 (least significant byte) 

The output compare register contents are continually 
compared with the contents of the free-running counter 
and, if a match is found, the corresponding output com- 
pare flag (OCF1, bit 6 of timer status register $13) is set, 
and the corresponding output level (OLVL1) bit is clocked 
to pin TCMP1. The output compare register values and 
the output level bit should be changed after each suc- 
cessful comparison to control an output waveform or 
establish a new elapsed timeout. An interrupt can also 
accompany a successful output compare, provided the 
corresponding interrupt enable bit, OCIE, is set. 

After a processor write cycle to the output compare 
register 1 containing the most significant byte ($16), the 



output compare 1 function is inhibited until the least sig- 
nificant byte ($17) is also written. The user must write 
both bytes (locations) if the most significant byte is writ- 
ten first. A write made only to the least significant byte 
($17) will not inhibit the compare function. The free-run- 
ning counter is updated every four internal bus clock 
cycles. The minimum time required to update the output 
compare register 1 is a function of the program rather 
than the internal hardware. 

The processor can write to either byte of the output 
compare register 1 without affecting the other byte. The 
output level (OLVL1) bit is clocked to the corresponding 
output level register and then to the TCMP1 pin, regard- 
less of whether the output compare flag (OCF1 ) is set or 
clear 

Output Compare Register 2 

The output compare register 2 (OCR2) is a 16-bit reg- 
ister, which is made up of two 8-bit registers at locations 
$1E (most significant byte) and $1F (least significant byte). 
The function of OCR2 is identical to OCR1, requiring only 
changes of the register locations and control bits in the 
timer status register ($13) to make the OCR1 description 
apply to OCR2. 

SOFTWARE FORCE COMPARE 

The MCU provides a force compare capability to facil- 
itate fixed frequency generation as well as other appli- 
cations. Bit 3 (FOLV1 for OCR1 ) and bit4 (FOLV2 for OCR2) 
in the timer control register ($12) implement this force 
compare. Writing a one to these bits causes the OLVL1 
or OLVL2 values to be copied to the respective output 
registers (TCMP1 or TCMP2 pins). Internal logic allows a 
single instruction to change OLVL1 and OLVL2 and cause 
a forced compare with the new values of OLVL1 and 
OLVL2. 

NOTE 

A software force compare, which affects the cor- 
responding output pin TCMP1 or TCMP2, does not 
affect the compare flag; thus, it does not generate 
an interrupt. 

INPUT CAPTURE REGISTERS 

There are two input capture registers: input capture 
register 1 (ICR1) and input capture register 2 (ICR2). 

NOTE 

The same input capture interrupt enable bit (ICIE) 
is used for the two input capture registers. 

Input Capture Register 1 

Two 8-bit registers that make up the 16-bit input cap- 
ture register 1 (ICR 1 ) are read-only and are used to latch 
the value of the free-running counter after the corre- 
sponding input capture edge detector senses a defined 
transition. The level transition that triggers the counter 
transfer is defined by the corresponding input edge bit 
(IEDG1) Reset does not affect the contents of the input 
capture register. 
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The result obtained by an input capture will be one 
more than the value of the free-running counter on the 
rising edge of the internal bus clock preceding the ex- 
ternal transition. This delay is required for internal syn- 
chronization. Resolution is one count of the free-running 
counter, which is four internal-bus clock cycles. 

The free-running counter contents are transferred to 
the input capture register on each proper signal transi- 
tion, regardless of whether the input capture flag (ICF1) 
is set or clear. The input capture register always contains 
the free-running counter value, which corresponds to the 
most recent input capture. 

After a read of the input capture register 1 ($14) most 
significant byte, the counter transfer is inhibited until the 
least significant byte ($15) is also read. This characteristic 
causes the time used in the input capture software routine 
and its interaction with the main program to determine 
the minimum pulse period. 

A read of the input capture register 1 least significant 
byte ($15) does not inhibit the free-running counter trans- 
fer since they occur on opposite edges of the internal bus 
clock. 

Input Capture Register 2 

The input capture register 2 (ICR2) is a 16-bit register 
that is composed of two 8-bit registers at locations $1C 
(most significant byte) and $1D (least significant byte). 
Input capture register 2 functions identically to input cap- 
ture register 1, except that only negative edge sensitivity 
is available. By substituting the appropriate bits in the 
timer status register ($13) and substituting register lo- 
cations, the ICR1 description applies to ICR2. 

TIMER CONTROL REGISTER (TCR) $12 

TheTCR is an 8-bit read/write register, illustrated below 
with a definition of each bit. 
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(U Unaffected) 

ICIE — Input Capture Interrupt Enable 
1 = Interrupt enabled 

0 = Interrupt disabled 

OCIE — Output Compare Interrupt Enable 

1 = Interrupt enabled 

0 = Interrupt disabled 

TOIE — Timer Overflow Interrupt Enable 

1 = Interrupt enabled 

0 = Interrupt disabled 

FOLV2 — Force Output Compare 2 

1 = Forces the OLVL2 bit to the corresponding output 

latch 

0 = No effect 

FOLV1 — Force Output Compare 1 

1 = Forces the OLVL1 bit to the corresponding output 

latch 
0 = No effect 



OLVL2 — Output Level 2 

1 =The value of the output level 2 bit, which is copied 
to the output level latch by the next successful 
output compare 2, appears at TCMP2 
0 = No effect 
IEDG1 — Input Edge 1 

Value of input edge determines which level transition 
on TCAP1 pin will trigger free-running counter trans- 
fer to the input capture register. 
1 = Positive edge 
0= Negative edge 
OLVL1 — Output Level 1 

Value of output level 1 bit, which is copied into output 
level register by the next successful output compare 
1, will appear on the TCMP1 pin. 
1 = High output 
0= Low output 



TIMER STATUS REGISTER (TSR) $13 

The TSR is a read-only register containing three status 
flag bits. Bits 0-4 always read zero. 
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ICF1 — Input Capture Flag 1 

1 = Flag set when selected polarity edge is sensed by 
input capture edge detector 

0 = Flag cleared when TSR and input capture 1 low 

register ($15) are accessed 
OCF1 — Output Capture Flag 1 

1 = Flag set when output compare register contents 

match the free-running counter contents 

0 = Flag cleared when TSR and output compare 1 low 

register ($17) are accessed 
TOF — Timer Overflow Flag 

1 = Flag set when free-running counter transition from 

$FFFF to $0000 occurs 

0 = Flag cleared when TSR and counter low register 

($19) are accessed 
ICF2 — Input Capture Flag 2 

1 = Flag set when selected polarity edge is sensed by 

input capture 2 edge detector 

0 = Flag cleared when TSR and input capture 2 low 

register ($1D) are accessed 
OCF2 — Output Capture Flag 2 

1 = Flag set when output compare register contents 

match the free-running counter contents 
0 = Flag cleared when TSR and output compare low 

register 2 ($1F) are accessed 
Bits 0-2 — Not Used 

Can read either zero or one. 



TIMER DURING WAIT MODE 

The CPU clock halts during the WAIT mode, but the 
timer remains active. An interrupt from the timer causes 
the processor to exit the WAIT mode. 
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TIMER DURING STOP MODE 

In the STOP mode, the timer stops counting and holds 
the last count value if STOP is exited by an interrupt. If 
reset is used, the counter is forced to $FFFC. During STOP, 
if at least one valid input capture edge occurs at the TCAP 
pin, the input capture detect circuit is armed. This does 
not set any timer flags or wake up the MCU, but when 
the MCU does wake up, there is an active input capture 
flag and data from the first valid edge that occurred dur- 
ing the STOP mode. If reset is used to exit STOP mode, 
then no input capture flag or data remains, even if a valid 
input capture edge occurred. 

Accessing the timer status register satisfies the first 
condition required to clear status bits. The remaining step 
is to access the register corresponding to the status bit. 
A problem can occur when using the timer overflow func- 
tion and reading the free-running counter at random times 
to measure an elapsed time. Without incorporating the 
proper precautions into software, the timer overflow flag 
could unintentionally be cleared if 1) the timer status 
register is read or written when TOF is set, and 2) the 
least significant byte of the free-running counter is read 
but not for the purpose of servicing the flag. 

The counter alternate register at address $1A and $1B 
contains the same value as the free-running counter (at 
address $18 and $19); therefore, this alternate register 
can be read at any time without affecting the timer over- 
flow flag in the timer status register. 



SERIAL COMMUNICATIONS INTERFACE 

A full-duplex asynchronous SCI is provided with a 
standard NRZ format and a variety of baud rates. The SCI 
transmitter and receiver are functionally independent but 
use the same data format and baud rate prescaler. The 
terms baud and bit rate are used synonymously in the 
following description. 

SCI TWO-WIRE SYSTEM FEATURES 

• Standard NRZ (mark/space) format 

• Advanced error detection method includes noise de- 
tection for noise duration of up to one-sixteenth bit 
time 

• Full-duplex operation (simultaneoustransmitand re- 
ceive) 



• Software programmable for one of 32 different baud 
rates 

• Different baud rates possible for transmit and receive 

• Software-selectable word length (eight- or nine-bit 
words) 

• Separate transmitter and receiver enable bits 

• SCI may be interrupt driven 

• Four separate interrupt conditions 

SCI RECEIVER FEATURES 

• Receiver wake-up function (idle or address bit) 

• Idle line detect 

• Framing error detect 

• Noise detect 

• Overrun detect 

• Receiver data register full flag 

SCI TRANSMITTER FEATURES 

• Transmit data register empty flag 

• Transmit complete flag 

• Break send 

Any SCI two-wire system requires receive data in (RDI) 
and transmit data out (TDO). 

DATA FORMAT 

Receive data in (RDI) or transmit data out (TDO) is the 
serial data presented between the internal data bus and 
the output pin (TDO) and between the input pin (RDI) and 
the internal data bus. Data format is as shown for the 
NRZ in Figure 15. 

WAKE-UP FEATURE 

In a typical multiprocessor configuration, the software 
protocol will usually identify the addressee(s) at the be- 
ginning of the message. To permit uninterested MPUs to 
ignore the remainder of the message, a wake-up feature 
is included, whereby all further SCI receiver flag (and 
interrupt) processing can be inhibited until its data line 
returns to the idle state. An SCI receiver is re-enabled by 
an idle string of at least ten (or eleven) consecutive ones. 
Software for the transmitter must provide for the required 
idle string between consecutive messages and prevent 
it from occurring within messages 

A second wake-up method is available in which sleep- 
ing SCI receivers can be awakened by a logic one in the 
high-order bit of a received character. 
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RECEIVE DATA IN 

Receive data in (RDI) is the serial data which is pre- 
sented from the input pin via the SCI to the receive data 
register (RDR). While waiting for a start bit, the receiver 
samples the input at a rate 16 times higher than the set 
baud rate. This increased rate is referred to as the RT 
rate. When the input (idle) line is detected low, it is tested 
for three more sample times. If at least two of these three 
samples detect a logic low, a valid start bit is assumed 
to be detected. If in two or more samples, a logic high is 
detected, the line is assumed to be idle. The receive clock 
generator is controlled by the baud rate register (see Fig- 
ure 16); however, the SCI is synchronized by the start bit 
independent of the transmitter. Once a valid start bit is 
detected, the start bit, each data bit, and the stop bit are 
each sampled three times. The value of the b't is deter- 
mined by voting logic, which takes the value of a majority 
of samples. A noise flag is set when all three samples on 
a valid start bit, data bit, or stop bit do not agree. A noise 
flag is also set when the start verification samples do not 
agree. 

START BIT DETECTION FOLLOWING A FRAMING ERROR 

If there has been a framing error (FE) without detection 
of a break (10 zeros for 8-bit format or 1 1 zeros for a 9- 
bit format), the circuit continues to operate as if there 
actually were a stop bit, and the start edge will be placed 
artificially. The last bit received in the data shift register 
is inverted to a logic one, and the three logic-one start 
qualifiers are forced into the sample shift register during 
the interval when detection of a start bit is anticipated; 
therefore, the start bit will be accepted no sooner than it 
is anticipated. 

If the receiver detects that a break (RDRF=1, FE = 1, 
receiver data register = $00) produced the framing error, 
the start bit will not be artificially induced, and the re- 
ceiver must actually receive a logic one before start. 

SCI SYNCHRONOUS TRANSMISSION 

The SCI transmitter allows a one-way synchronous 
transmission, with the SCLK pin as the clock output. No 
clock is sent to the SCLK pin during the stop and start 
bits. The LCL bit (SSCR1) controls whether clocks are 
active during the last valid data bit (address mark). The 
CPOL bit selects clock polarity, and the CPHA bit selects 
the phase of the external clock. During idle, preamble, 
and send break, the external SCLK clock is not active. 

These options allow the SCI to control serial periph- 
erals consisting of shift registers without losing any func- 
tion of the SCI transmitter These options do not affect 
the SCI receiver, which is independent of the transmitter. 

The SCLK pin works in conjunction with the TDO pin. 
When the SCI transmitter is disabled, the SCLK and the 
TDO pins assume a high-impedance state. 

NOTE 

The LBCL, CPOL, and CPHA bits must be selected 
before the transmitter is enabled to ensure that the 
clocks function correctly. These bits should not be 
changed while the transmitter is enabled. 



TRANSMIT DATA OUT 

Transmit data out (TDO) is the serial data presented 
from the transmit data register (TDR) via the SCI to the 
output pin. The transmitter generates a bit time by using 
a derivative of the RT clock, producing a transmission 
rate equal to one-sixteenth that of the receiver sample 
clock (if the same baud rate is used for transmit and 
receive). 

FUNCTIONAL DESCRIPTION 

A block diagram of the SCI is shown in Figure 16. The 
user has option bits in the serial communications control 
register 1 (SCCR1 ) to determine the SCI wake-up method 
and data word length. Serial communications control 
register 2 (SCCR2) provides control bits that individually 
enable/disable the transmitter or receiver, enable system 
interrupts, and provide wake-up enable, and send break 
code bits. The baud rate register bits allow the user to 
select different baud rates for the transmitter and re- 
ceiver. 

Data transmission is initiated by a write to the serial 
communications data register (SCDAT). Provided the 
transmitter is enabled, data stored in the SCDAT is trans- 
ferred to the transmit data shift register. This data transfer 
sets the SCI status register (SCSR) transmit data register 
empty (TDRE) bit and generates an interrupt if the trans- 
mit interrupt is enabled. Data transfer to the transmit data 
shift register is synchronized with the bit rate clock. All 
data is transmitted LSB first. Upon completion of data 
transmission, the transmission complete (TC) bit is set 
(provided no pending data, preamble, or break code is 
sent), and an interrupt is generated if the transmit com- 
plete interrupt is enabled. If the transmitter is disabled, 
and the data, preamble, or break code has been sent, the 
TC bit will also be set, which will also generate an inter- 
rupt if the TCIE bit is set. If the transmitter is disabled in 
the middle of a transmission, that character will be com- 
pleted before the transmitter gives up control of the TDO 
pin. 

When the SCDAT is read, it contains the last data byte 
received, provided that the receiver is enabled. The SCSR 
receive data register full (RDRF) bit is set to indicate that 
a data byte is transferred from the input serial shift reg- 
ister to the SCDAT, which can cause an interrupt if the 
receiver interrupt is enabled. Data transfer from the input 
serial shift register to the SCDAT is synchronized by the 
receiver bit rate clock. The SCSR overrun (OR), noise flag 
(NF), or FE bits are set if data reception errors occur. 

An idle line interrupt is generated if the idle line inter- 
rupt is enabled and the SCSR IDLE bit (which detects idle 
line transmission) is set. This allows a receiver that is not 
in the wake-up mode to detect the end of a message, the 
preamble of a new message, or to resynchronize with 
the transmitter. A valid character must be received before 
the idle line condition for the IDLE bit to be set and for 
an idle line interrupt to be generated. 

REGISTERS 

There are five registers used in the SCI; the internal 
configuration of these registers is discussed in the fol- 
lowing paragraphs. 
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Serial Communications Data Register (SCDAT) $11 

The SCDAT is a read/write register used to receive and 
transmit SCI data. 
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As shown in Figure 16, SCDAT functions as two sep- 
arate registers. The transmit data register (TOR) provides 
the parallel interface from the internal data bus to the 
transmit shift register. The receive data register (RDR) 
provides the interface from the receive shift register to 
the internal data bus. 

Serial Communications Control Register 1 (SCCR1) $OE 

The SCCR1 provides control bits that determine word 
length, select the wake-up method, and control the op- 
tions to output the transmitter clocks for synchronous 
transmissions. 
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(U = Unaffected) 

R8 — Receive Data Bit 8 

R8 bit provides storage location for the ninth bit in 

the receive data byte (if M = 1). 
T8 — Transmit Data Bit 8 

T8 bit provides storage location for the ninth bit in 

the transmit data byte (if M = 1 ). 



M — SCI Character Word Length 

1 = one start bit, nine data bits, one stop bit 

0 = one start bit, eight data bits, one stop bit 
WAKE — Wake-Up Select 

Wake bit selects the receiver wake-up method. 

1 = Address bit (most significant bit) 

0 = Idle line condition 
CPOL — Clock Polarity 

Selects the clock polarity sent to the SCLK pin. 

1 = Steady state high outside the transmission win- 

dow 

0 = Steady state low outside the transmission win- 

dow 

The CPOL bit should not be changed with the trans- 
mitter active. 
CPHA — Clock Phase 

Selects the clock phase sent to the SCLK pin. 

1 = SCLK line activated at the beginning of the data 

bit 

0 = SCLK line activated in the middle of the data 

bit (see Figures 17 and 18) 
The CPHA bit should not be changed with the trans- 
mitter active. 
LBCL — Last Bit Clock 

Selects whether the clock associated with the last 
data bit transmitted is output to the SCLK pin. 

1 = Last data bit output 

0 = Last data bit not output 
The last data bit is the eighth or ninth bit, depending 
on whether an 8- or 9-bit format is used (see Table 
5). The LBCL bit should not be changed while the 
transmitter is enabled. 
Bit 5 — Not used 
Can be 1 or 0. 
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Figure 17. SCI Data Clock Timing Diagram (M = 0) 
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Figure 18. SCI Data dock Timing Diagram (M = 1) 




Table 5. SCI Clock on SCLK Pin 



Data 
Format 


M Bit 


LBCL Bit 


Number of 
Clocks on 
SCLK Pin 


8 Bit 


0 


0 


7 


8 Bit 


0 


1 


8 


9 Bit 


1 


0 


8 


9 Bit 


1 


1 


9 



The address bit is dependent on both the wake-bit and 
the M-bit level. Additionally, the receiver does not use 
the wake-up feature unless the RWU control bit in SCCR2 
is set. 



Wake 


M 


Receiver Wake-Up 


0 


X 


Detection of an idle line allows the next data 
byte received to cause the receive data reg- 
ister to fill and produce an RDRF flag 


1 


0 


Detection of a received one in the eighth 
data bit allows an RDRF flag and associated 
error flags 


1 


1 


Detection of a received one in the ninth data 
bit allows an RDRF flag and associated error 
flags. 



Serial Communications Control Register 2 (SCCR2) $OF 

The SCCR2 provides control of individual SCI functions 
such as interrupts, transmit/receive enabling, receiver 
wake-up, and break code. 
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RESET 
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0 


0 




0 


0 
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TIE — Transmit Interrupt Enable 

1 = SCI interrupt enabled, provided TDRE is set 

0 = TDRE interrupt disabled 

TCIE — Transmit Complete Interrupt Enable 

1 = SCI interrupt enabled, provided TC is set 

0 = TC interrupt disabled 
RIE — Receive Interrupt Enable 

1 = SCI interrupt enabled, provided OR or RDRF is set 

0 = RDRF and OR interrupts disabled 
ILIE — Idle Line Interrupt Enable 

1 = SCI interrupt enabled, provided IDLE is set 

0 = Idle interrupt disabled 
TE — Transmit Enable 

1 = Transmit shift register output is applied to the TDO 

line, and the corresponding clocks are applied to 
the SCLK pin. Depending upon the SCCR1 M bit, 
a preamble of 10 (M = 0) or 11 (M = 1) consecutive 
ones is transmitted. 

0 = Transmitter disabled after last byte is loaded in 

the SCDAT and TDRE is set. After last byte is 
transmitted, TDO line becomes a high-impedance 
line. 

RE — Receive Enable 

1 = Receiver shift register input is applied to the RDI 

line. 

0 = Receiver disabled and RDRF, IDLE, OR, NF, and 
FE status bits are inhibited. 
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RWU — Receiver Wake-Up 

1 = Places receiver in sleep mode and enables wake- 
up function 

0 = Wake-up function disabled after receiving data 

word with MSB set (if WAKE = 1 ) 
Wake-up function also disabled after receiving 10 
(M = 0) or 1 1 (M = 1 ) consecutive ones (if WAKE = 0) 
SBK — Send Break 

1 = Transmitter continually sends blocks of zeros (sets 

of 10 or 11) until cleared. Upon completion of 
break code, transmitter sends one high bit for rec- 
ognition of valid start bit. 
0 = Transmitter sends 10 (M = 0) or 11 (M = 1) zeros 
then reverts to an idle state or continues sending 
data. If transmitter is empty and idle, setting and 
clearing the SBK bit may queue up to two char- 
acter times of break because the first break trans- 
fers immediately to the shift register, and the 
second is queued into the parallel transmit buffer. 

Serial Communications Status Register (SCSR) $10 

The SCSR provides inputs to the SCI interrupt logic 
circuits. Noise flag and framing error bits are also con- 
tained in the SCSR. 
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NF 
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0 


0 


0 


0 





TDRE — Transmit Data Register (TDR) Empty 

1 = TDR contents transferred to the transmit data shift 
register 

0 = TDR still contains data. TDRE is cleared by reading 

the SCSR followed by a write to the TDR. 
TC — Transmit Complete 

1 = Indicates end of data frame, preamble, or break 

condition has occurred if: 

1. TE = 1, TDRE = 1, and no pending data, pream- 
ble or break is to be transmitted; or 

2. TE = 0 and the data preamble or break (in the 
transmit shift register) has been transmitted. 

0 = TC bit cleared by reading the SCSR followed by 

a write to the TDR 
The TC bit is a status register that indicates one of 
the above conditions has occurred. It does not in- 
hibit the transmitter in any way. 
RDRF — Receive Data Register (RDR) Full 

1 = Receive data shift register contents transferred to 

the RDR 

0 = Receive data shift register transfer did not occur. 

RDRF is cleared by reading the SCSR followed by 
a read of the RDR 
IDLE — Idle Line Detect 

1 = Indicates receiver has detected an idle line 

0 = IDLE is cleared by reading the SCSR followed by 

a read of the RDR. Once IDLE is cleared, IDLE 
cannot be set until RDI line becomes active and 
idle again. 
OR — Overrun Error 

1 = Indicates receive data shift register data is ready 

to be sent to a full RDR (RDRF= 1). Data causing 



the overrun is lost, and RDR data is not disturbed. 

0 = OR is cleared by reading the SCSR followed by a 

read of the RDR. 
NF — Noise Flag 

1 = Indicates noise is present on the receive bits, in- 

cluding the start and stop bits. NF is not set until 
RDRF = 1. 

0 = NF is cleared by reading the SCSR followed by a 

read of the RDR. 
FE — Framing Error 

1 = Indicates stop bit not detected in received data 

character. FE is set the same time RDRF is set. If 
received byte causes both framing and overrun 
errors, processor will only recognize the overrun 
error. Further data transfer into the RDR is inhib- 
ited until FE is cleared. 
0 = FE is cleared by reading the SCSR followed by a 
read of the RDR. 
Bit 0 — Not used 
Can read either one or zero 

Baud Rate Register SOD 

The baud rate register selects the SCI transmitter and 
receiver baud rate. The SCP1 and SCP0 prescaler bits are 
used in conjunction with the SCR2-SCR0 bits to generate 
the receiver baud rate and in conjunction with the 
SCT2-SCT0 baud rate bits to generate the transmitter 
baud rate. 

Tables 6 and 7 tabulate the divide chain used to obtain 
the baud-rate clock (transmit or receive clock). The actual 
divider chain is controlled by the combined SCP1-SCP0 
and SCR2-SCR0 or SCT2-SCT0 bits in the baud rate reg- 
ister. The dividend frequencies shown in Table 6 repre- 
sent the final baud rate that results from prescaler division 
only (SCR or SCT bits all zero). Table 7 lists the prescaler 
output frequency divided by the action of the SCR or SCT 
bits. 

For example, assume that a 9600-Hz baud rate is de- 
sired from a 2.4576-MHz system clock crystal. The pres- 
caler bits could be set for either a divide-by-one or divide- 
by-four. If a divide-by-four prescaler is used, then the SCR 
and SCT bits must be set for divide-by-two. The same 
result, using the same crystal frequency, can be obtained 
with a prescaler divide-by-one and SCR and SCT bit divide- 
by-eight. 
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SCP1-SCP0 — SCI Prescaler Bit 1 and 0 

These two prescaler bits are used to increase the 
range of standard baud rates controlled by the 
SCT2-SCT0 and SCR2-SCR0 bits. Prescaler internal 
processor clock division versus bit levels are listed 
in Table 6. 

SCR2-SCT0 — SCI Transmit Baud Rate Selection Bits 
These three bits, taken in conjunction with bits 
SCP1-SCP0, are used to select the SCI transmit baud 
rate. Baud rates versus bit levels are listed in Table 
7. 
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Table 6. Prescaler Highest Baud Rate Frequency Output 



SCP Bit 


Clock* 
Divided By 


Crystal Frequency MHz 


1 


0 


4.194304 


4.0 


2.4576 


2.0 


1.8432 


0 


0 


1 


131.072 kHz 


125.000 kHz 




76.80 kHz 


62.50 kHz 


57.60 kHz 


0 


1 


3 


43 691 kHz 


41.666 kHz 




25.60 kHz 


20 833 kHz 


19 20 kHz 


1 


0 


4 


32.768 kHz 


31.250 kHz 




19.20 kHz 


15 625 kHz 


14.40 kHz 


1 


1 


13 


10.082 kHz 


9600 Hz 




5.907 kHz 


4800 Hz 


4430 Hz 



*Refers to the internal processor clock. 



NOTE: The divided frequencies shown in Table 6 represent baud rates which are the highest transmit baud rate (Tx) that can be 
obtained by a specific crystal frequency and only using the prescaler division. Lower baud rates may be obtained by providing 
a further division using the SCI rate select bits as shown below for some representative prescaler outputs 



Table 7. Transmit Baud Rate Output for a Given Prescaler Output 



SCR/T Bits 


Divided 
By 


Representative Highest Prescaler Baud Rate Output 


2 


1 


0 


131.072 kHz 


32.768 kHz 


76.80 kHz 


19.20 kHz 


9600 Hz 


0 


0 


0 


1 


131 072 kHz 


32 768 kHz 


76 80 kHz 


19 20 kHz 


9600 Hz 


0 


0 


1 


2 


65.536 kHz 


16.384 kHz 


38 40 kHz 


9600 Hz 


4800 Hz 


0 


1 


0 


4 


32 768 kHz 


8 192 kHz 


19 20 kHz 


4800 Hz 


2400 Hz 


0 


1 


1 


8 


16 384 kHz 


4.096 kHz 


9600 Hz 


2400 Hz 


1200 Hz 


1 


0 


0 


16 


8 192 kHz 


2 048 kHz 


4800 Hz 


1200 Hz 


600 Hz 


1 


0 


1 


32 


4.096 kHz 


1.024 kHz 


2400 Hz 


600 Hz 


300 Hz 


1 


1 


0 


64 


2 048 kHz 


512 Hz 


1200 Hz 


300 Hz 


150 Hz 


1 


1 


1 


128 


1 024 kHz 


256 Hz 


600 Hz 


150 Hz 


75 Hz 



NOTE: Table 7 illustrates how the SCI select bits can be used to provide lower transmitter or receiver baud rates by further dividing 
the prescaler output frequency The five examples are only representative samples. In all cases, the baud rates shown are 
transmit baud rates (transmit clock), and the receive clock is 16 times higher in frequency than the actual baud rate. 



SCR2-SCR0 — SCI Receive Baud Rate Selection Bits 
These three bits, taken in conjunction with bits 
SCP1-SCP0, are used to select the SCI receive baud 
rate. Baud rates versus bit levels are listed in Table 
7. 



PULSE-LENGTH D/A CONVERTERS 



The pulse-length D/A converter (PLM) works in con- 
junction with the timer to execute two 8-bit conversions 
with a choice of two repetition rates. The outputs are 
pulse-length modulated signals whose duty-cycle ratio 
may be modified. These signals can be used directly as 
PLMS, or the filtered average values can be used as 
general-purpose analog outputs. 

Registers PLMA and PLMB contain the pulse-length 
values for the two PLMs. A value of $00 results in a con- 
tinuously low output from the D/A. A value of $80 results 
in a 50-percent duty-cycle output, and a value of $FF gives 
an output that is a logic 1 for 255/256 of the cycle. When 
the MCU writes to the PLMA or PLMB register, the D/A 
picks up the new value at the end of a complete conver- 
sion cycle so that a monotonic change in the dc com- 
ponent of the output results. This monotonic change 
avoids overshoots or vicious starts (a vicious start is an 
output that gives totally erroneous output during the first 



cycle following an update of the registers). WAIT mode 
does not affect the output waveform of the D/A convert- 
ers. 

NOTE 

Since the PLM system uses the timer counter, PLM 
results will be affected while resetting the timer 
counter. 

Figure 19 shows a block diagram of the PLM system 
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Figure 19. PLM Block Diagram 



Miscellaneous ($OC) 
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The SFA and SFB bits are not double buffered; there- 
fore, these bits must be selected before writing to either 
PLM register to avoid temporary wrong values from the 
PLM outputs. Figure 20 shows some examples of the PLM 
output waveforms. 



SFA — Slow/Fast Control for PLMA Clock 

1 =Slow speed of PLMA used (4096 times the timer 
clock period) 

0 = Fast speed of PLMA used (256 times the timer 

clock period) 
SFB — Slow/Fast Control for PLMB Clock 

1 =Slow speed of PLMB used (4096 times the timer 

clock period) 

0 = Fast speed of PLMB used (256 times the timer 
clock period) 

NOTE 

The highest speed of the PLM system corresponds 
to the frequency of the TOF bit being set, multiplied 
by 256. The slowest speed of the PLM system cor- 
responds to the frequency of the TOF bit being set, 
multipled by 16. 



A/D CONVERTER 

The A/D converter system consists of an 8-bit succes- 
sive approximation converter and a 16-channel multi- 
plexer. Eight of the channels are available for output, and 
the other eight channels are dedicated to internal test 
functions. There is one 8-bit result data register (address 
$08) and one 8-bit status/control register (address $09). 
The reference supply for the converter uses dedicated 
input pins instead of the power supply lines, because 
drops caused by loading in the power supply lines would 
degrade the accuracy of the A/D conversion. An internal 
RC oscillator is available if the bus speed is low enough 
to degrade the A/D accuracy. An ADON bit allows the A/ 
Dto be switched off to reduce power consumption, which 
is particularly useful in the WAIT mode. 
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T= 4 CPU Clocks Fast Mode 
T = 64 CPU Clocks Slow Mode 

Figure 20. PLM Output Waveform Examples 



For ratiometric conversions, the source of each analog 
input should use Vrh as the supply voltage and be ref- 
erenced to Vri_. An input voltage greater than or equal 
to Vrh converts as $FF (full scale) with no overflow in- 
dication. An input voltage equal to Vr|_ converts as $00. 
The conversion is monotonic with no missing codes. 

A/D STATUS/CONTROL REGISTER ($09) 



Table 8. A/D Channel Assignments 
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COCO — Conversion Complete 

1 = Conversion is complete; a new result can be read 
from the result data register ($08). 

0 = No conversion since last reset 
ADRC — A/D RC Oscillator Control 

1 =A/D uses RC clock 

0 = A/D uses CPU clock 

When the RC oscillator is turned on, it requires a 
time tADRC t0 stabilize, and results can be inac- 
curate during this time. 
ADON — A/D On 

1 =A/D enabled 
0 = A/D disabled 

When the A/D is turned on, it requires a time tADON 
for the current sources to stabilize, and results can 
be inaccurate during this time. 
CH3-CH0 — Channel 3 through Channel 0 

These bits select the A/D channel assignment (see 

Table 8). 

NOTE 

Using one or more pins of PD0/AN0-PD7/AN7 as 
analog inputs does not affect the ability to use port 
D inputs as digital inputs. However, using port D 
for digital inputs during an analog conversion se- 
quence may inject noise on the analog inputs and 
reduce the accuracy of the A/D result. 
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AN2, Port D Bit 2 
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AN3, Port D Bit 3 
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AN4, Port D Bit 4 
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AN5, Port D Bit 5 
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Performing a digital read of port D with levels other than 
vdd or Vss on the ' n P uts causes greater than normal 
power dissipation during the read and may give erro- 
neous results. 



INSTRUCTION SET 

The MCU instructions can be divided into five different 
types: register/memory, read-modify-write, branch, bit 
manipulation, and control. The following paragraphs 
briefly explain each type. 

This MCU uses all the instructions available in the 
M146805 CMOS Family plus one more: the unsigned 
multiply (MUL) instruction. This instruction allows un- 
signed multiplication of the contents of the accumulator 
(A) and the index register (X). The high-order product is 
then stored in the index register, and the low-order prod- 
uct is stored in the accumulator. A detailed definition of 
the MUL instruction is shown below. 
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Operation X A 4 X ■ A 


Function 


Mnemonic 


Description 1 Multiplies the eight bits in the index reqister i 
1 by the eight bits in the accumulator to obtain 1 
1 a 16-bit unsigned number in the concatenated 1 
j accumulator and index register 


Load A from Memory 


LDA 


Load X from Memory 


LDX 


Store A in Memory 


STA 


Condition i H Cleared 1 
Codes 1 1 Not affected i 
IN Not affected i 
1 Z Not affected j 
|C Cleared 


Store X in Memory 


STX 


Add Memory to A 


ADD 


Add Memory and Carry to A 


ADC 


Subtract Memory 


SUB 


, Source 1 ... ,, 
Form(s) 


Subtract Memory from A with Borrow 


SBC 


Addressing 1 

Mode i Lvcles 


Bytes 


i 1 

Opcode | 


AND Memory to A 


AND 


OR Memory with A 


ORA 


Inherent ] 11 


1 


1 

$42 ; 


Exclusive OR Memory with A 


EOR 


BRANCH INSTRUCTIONS 

This set of instructions branches if a particular condi- 
tion is met; otherwise, no operation is performed. Branch 
instructions are two-byte instructions. Refer to the fol- 
lowing list for branch instructions. 


Arithmetic Compare A with Memory 


CMP 


Arithmetic Compare X with Memory 


CPX 


Bit Test Memory with A (Logical Compare) 


BIT 


Jump Unconditional 


JMP 


Jump to Subroutine 


JSR 



Function 


Mnemonic 


Branch Always 


BRA 


Branch Never 


BRN 


Branch if Higher 


BHI 


Branch if Lower or Same 


BLS 


Branch if Carry Clear 


BCC 


Branch if Higher or Same 


BHS 


Branch if Carry Set 


BCS 


Branch if Lower 


BLO 


Branch if Not Equal 


BNE 


Branch if Equal 


BEQ 


Branch if Half Carry Clear 


BHCC 


Branch if Half Carry Set 


BHCS 


Branch if Plus 


BPL 


Branch if Minus 


BMI 


Branch if Interrupt Mask Bit is Clear 


BMC 


Branch if Interrupt Mask Bit is Set 


BMS 


Branch if Interrupt Line is Low 


BIL 


Branch if Interrupt Line is High 


BIH 


Branch to Subroutine 


BSR 



READ-MODIFY-WRITE INSTRUCTIONS 

These instructions read a memory location or a reg- 
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 



Function 


Mnemonic 


Increment 


INC 


Decrement 


DEC 


Clear 


CLR 


Complement 


COM 


Negate (Twos Complement) 


NEG 


Rotate Left Thru Carry 


ROL 


Rotate Right Thru Carry 


ROR 


Logical Shift Left 


LSL 


Logical Shift Right 


LSR 


Arithmetic Shift Right 


ASR 


Test for Negative or Zero 


TST 


Multiply 


MUL 



REGISTER/MEMORY INSTRUCTIONS 

Most of these instructions use two operands. One op- 
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 
jump to subroutine (JSR) instructions have no register 
operand. Refer to the following instruction list. 



BIT MANIPULATION INSTRUCTIONS 

The MCU is capable of setting or clearing any writable 
bit which resides in the first 256 bytes of the memory 
space where all port registers, port DDRs, timer, timer 
control, ROM, and on-chip RAM reside. An additional 
feature allows the software to test and branch on the state 
of any bit within these 256 locations. The bit set, bit clear 
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and bit test, and branch functions are all implemented 
with a single instruction. Fortestand branch instructions, 
the value of the bit tested is also placed in the carry bit 
of the condition code register. Refer to the following list 
for bit manipulation instructions. 



Function 


Mnemonic 


Branch if Bit n is Set 


BRSETn(n = 0...7) 


Branch if Bit n is Clear 


BRCLR n (n = 0 7) 


Set Bit n 


BSET n (n = 0 . . . 7) 


Clear Bit n 


BCLR n (n = 0 . . . 7) 



CONTROL INSTRUCTIONS 

These instructions are register reference instructions 
and are used to control processor operation during pro- 
gram execution. Refer to the following list for control 
instructions. 



Function 


Mnemonic 


Transfer A to X 


TAX 


Transfer X to A 


TXA 


Set Carry Bit 


SEC 


Clear Carry Bit 


CLC 


Set Interrupt Mask Bit 


SEI 


Clear Interrupt Mask Bit 


CLI 


Software Interrupt 


SWI 


Return from Subroutine 


RTS 


Return from Interrupt 


RTI 


Reset Stack Pointer 


RSP 


No-Operation 


NOP 


Stop 


STOP 


Wait 


WAIT 



OPCODE MAP SUMMARY 

Table 9 is an opcode map for the instructions used on 
the MCU. 



ADDRESSING MODES 

The MCU uses ten different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code con- 
version tables, and scaling tables anywhere in the mem- 
ory space. Short indexed accesses are single byte 
instructions; the longest instructions (three bytes) permit 
accessing tables throughout memory. Short and long ab- 
solute addressing is also included. One- or two-byte di- 
rect addressing instructions access all data bytes in most 
applications. Extended addressing permits jump instruc- 
tions to reach all memory. 



The term "effective address" (EA) is used in describing 
the various addressing modes. Effective address is de- 
fined as the address from which the argument for an 
instruction is fetched or stored. 

IMMEDIATE 

In the immediate addressing mode, the operand is con- 
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize a loop counter). 

DIRECT 

In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 

EXTENDED 

In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. When using 
the Motorola assembler, the user need not specify whether 
an instruction uses direct or extended addressing. The 
assembler automatically selects the shortest form of the 
instruction. 

RELATIVE 

The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8- 
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from - 126 to +129 from 
the opcode address. The programmer need not calculate 
the offset when using the Motorola assembler, since it 
calculates the proper offset and checks to see that it is 
within the span of the branch. 

INDEXED, NO OFFSET 

In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. This addressing mode can access the first 256 
memory locations. These instructions are only one byte 
long. This mode is often used to move a pointer through 
a table or to hold the address of a frequently referenced 
RAM or I/O location. 

INDEXED, 8-BIT OFFSET 

In the indexed, 8-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address- 
able locations and could extend as far as location 510 
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CO 



Table 9. Opcode Map 





Bit Manipulation 




Read-Mod ify-Write 


Control 


Register/Memory 




BTB 


BSC 


REL 


DIR 


INH 


INH 


1X1 


IX 


INH 


INH 


IMM 


DIR 


EXT 


1X2 


1X1 


IX 




0 

0000 


1 

0001 


2 

0010 


3 

0011 


4 

0100 


5 

0101 


6 

0110 


7 


8 


9 

1001 


A 

1010 


B 

1011 


C 

1100 


D 

1101 


E 

1110 


F 

mi 


HI 

LOW 


0 


BRSETO ' 

3 BTB 


BSETO ' 

2 BSC 


3 

BRA 

2 REL 


NEG ^ 

2 DIR 


NEGA 3 


NEGX 


NEG 

2 1X1 


NEG 


RTI 




SUB 2 

2 IMM 


SUB 

2 DIR 


SUB 

3 EXT 


SUB 

3 1X2 


SUB 

2 1X1 


SUB 3 


0 


1 


BRCI.R0 

3 BTB 


BCLRO 

2 BSC 


BRN 

2 REL 












RTS 

1 INH 




CMP 

2 IMM 


CMP 

2 DIR 


CMP 
3 EXT 


CMP 

3 1X2 


CMP 


CMP 3 


1 


2 


BRSET1 

3 8TB 


BSET1 ' 

2 BSC 


3 

BHI 




MUL 












SBC 


SBC 

2 DIR 


SBC 
3 EXT 


SBC b 

3 1X2 


SBC 

2 1X1 


SBC 3 


2 


3 


BRCLR1 

3 BTB 


BCLR1 

2 BSC 


3 

BLS 

2 RE1 


COM 

2 DIR 


COMA 3 


COMX 


COM 

2 1X1 


COM 


swi 




cpx 1 


cpx 3 

2 DIR 


CPX 

3 EXT 


CPX 


cpx 


cpx 3 


3 


4 


BRSET2 ^ 

3 BTB 


BSET2 

2 BSC 


BCC 

2 REL 


LSR 

2 DIR 


LSRA 3 


LSRX 


LSR 


LSR 






AND 


AND 

2 DIR 


AND 

3 EXT 


AND 

3 1X2 


AND 

2 1X1 


AND 3 


4 


5 


BRCLR2 

3 BTB 


BCLR2 

2 BSC 


3 

BCS 
















BIT ' 

2 IMM 


BIT 3 

2 DIR 


BIT 

3 EXT 


BIT ^ 

3 1X2 


BIT 

2 1X1 


BIT 


5 


6 


5 

BRSET3 

3 BTB 


5 

BSET3 

2 BSC 


BNE 3 

2 BE! 


ROR 

2 dib 


3 

RORA 


RORX 


ROR 

2 IXI 


ROR 






2 

LDA 


3 

LDA 

2 D B 


LDA 

3 EXT 


LDA 

3 1X2 


LDA 

2 1X1 


3 

LDA 


6 


7 


b 

BRCLR3 

3 6TB 


BCLR3 

2 BSC 


BEQ 3 

2 BEL 


ASR b 

2 DIR 


3 

ASRA 


ASRX 


ASR 


ASR 




2 

TAX 




STA 

2 OiR 


STA 

3 EXT 


6 

STA 

3 1X2 


STA 

2 1X1 


STA 


7 


8 


BRSET4 

3 6TB 


BSET4 

2 esc 


3 

BHCC 


LSL 

2 OIR 


LSLA 3 


LSLX 


LSL 

2 IX 1 


LSL 




CLC 


EOR ' 


EOR 3 

2 O'R 


EOR 

3 EXT 


b 

EOR 

3 1X2 


EOR 

2 1X1 


3 

EOR 


8 

1000 


9 


BRCLR4 


BCLR4 

2 est: 


BHCS 


ROL 


ROLA 


ROLX 


ROL 


ROL 




SEC 


ADC 


ADC 


ADC 


b 

ADC 


ADC 


ADC 


9 


A 


BRSET5 


BSET5 

2 BSC 


BPL 


DEC 


DECA 


DECX 


DEC 


DEC 




CLI 


ORA 


ORA 


ORA 


ORA 


ORA 


3 

ORA 


A 

1010 


B 

1011 


BRCLR5 * 

3 BTB 


BCLR5 

2 esc 


BMI 

2 BE 1 














SEI 


AOD 1 

2 IMM 


ADD 3 

2 DR 


ADD " 

3 EXT 


ADD 

3 1X2 


ADD 

2 1X1 


ADD 3 


B 

ion 


C 

1100 


BRSET6 

3 BTB 


BSET6 

2 8SC 


BMC 3 

2 REL 


INC 

2 DIR 


3 

INCA 

1 INH 


INCX 


INC 

2 1X1 


INC 




RSP ' 

1 INH 




JMP ^ 

2 DIR 


3 

JMP 

3 EXT 


JMP 

3 1X2 


JMP 


2 

JMP 


C 

1100 


□ 

1101 


i 

BRCLR6 

3 8TB 


BCLR6 

2 est 


BMS 


TST 

2 DIR 


TSTA 3 


TSTX ' 


TST 

2 1X1 


TST 




NOP 1 


BSR 

2 REL 


JSR * 

2 DIR 


6 

JSR 

3 EXT 


JSR 

3 1X2 


JSR 

2 1X1 


JSR 5 


D 

1101 


E 

1110 


!> 

BRSET7 

3 BTB 


BSET7 

2 BSC 


3 

BIL 












STOP 

1 INH 




2 

LDX 


3 

LDX 

2 DIR 


LDX 

3 EXT 


b 

LDX 

3 1X2 


LDX 

2 1X1 


3 

LDX 


E 

1110 


F 


b 

BRCLR7 

3 BTB 


BCLR7 

2 BSC 


BIH 

2 REL 


CLR 

2 DIR 


CLRA 

1 INH 


CLRX 3 


CLR 


CLR b 


2 

WAIT 

1 INH 


TXA 

1 INH 




STX 

2 DIR 


STX 

3 EXT 


6 

STX 

3 1X2 


b 

STX 

2 1X1 


STX 


F 



2 

o 

O) 
00 

I 

O 

00 

o 
w 

O) 



Abbreviations for Address Modes 



INH 


Inherent 


REL 


Relative 


A 


Accumulator 


BSC 


Bit Set Clear 


X 


Index Register 


BTB 


Bit Test and Branch 


IMM 


Immediate 


IX 


Indexed (No Offset) 


DIR 


Direct 


1X1 


Indexed, 1 Byte (8-Bit) Offset 


EXT 


Extended 


IX2 


Indexed, 2 Byte (16-Bit) Offset 



Mnemonic- 
Bytes- 

Cycles- 



LEGEND 



F . 

1111. 



SUB- 



IX 




0 

oooo- 



Opcode in Hexadecimal 
Opcode in Binary 

•Address Mode 



MC68HC805B6 



($1FE is the last location at which the instruction may 
begin). 

INDEXED, 16-BIT OFFSET 

In the indexed, 16-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 
the opcode. This address mode can be used in a manner 
similar to indexed, 8-bit offset except that this three-byte 
instruction allows tables to be anywhere in memory. As 
with direct and extended addressing, the Motorola as- 
sembler determines the shortest form of indexed ad- 
dressing. 

BIT SET/CLEAR 

In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode, and the byte following 
the opcode specifies the direct addressing of the byte in 
which the specified bit is to be set or cleared. Any read/ 
write bit in the first 256 locations of memory, including 
I/O, can be selectively set or cleared with a single two- 
byte instruction. 



BIT TEST AND BRANCH 

The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 
bit that is to be tested and its condition (set or clear), is 
included in the opcode. The address of the byte to be 
tested is in the single byte immediately following the 
opcode byte. The signed relative 8-bit offset in the third 
byte is added to the PC if the specified bit is set or cleared 
in the specified memory location. This single three-byte 
instruction allows the program to branch based on the 
condition of any readable bit in the first 256 locations of 
memory. The span of branching is from - 125 to +130 
from the opcode address. The state of the tested bit is 
also transferred to the carry bit of the condition code 
register. 

INHERENT 

In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in- 
structions are one byte long. 



ELECTRICAL SPECIFICATIONS 
MAXIMUM RATINGS (Voltages referenced to Vss) 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


Vdd 


-0.5 to +7.0 


V 


Input Voltage 


V m 


Vss -0.5 to 

Vdd +0 5 


V 


Bootstrap Mode (IRQ Pin Only) 


V, n 


Vss~0 5 to 

2 x Vdd + 0.5 


V 


Current Drain Per Pin Excluding 
Vdd and Vss 


I 


25 


mA 


Operating Temperature Range 
MC68HC805B6FN (Standard) 
MC68HC805B6CFN (Extended) 
MC68HC805B6MFN (Automotive) 


T A 


T L to T H 

0 to +70 
-40 to +85 
-40 to +125 


°C 


Storage Temperature Range 


T stg 


-65 to +150 





This device contains circuitry to protect the in- 
puts against damage due to high static voltages 
or electric fields; however, it is advised that nor- 
mal precautions be taken to avoid application of 
any voltage higher than maximum-rated voltages 
to this high-impedance circuit. For proper oper- 
ation, it is recommended that V m and V 0U { be 
constrained to the range Vss * 'V m or V ou t) 
Vdd- Reliability of operation is enhanced if un- 
used inputs are connected to an appropriate logic 
voltage level (e g , either Vss or v dd)- 



THERMAL CHARACTERISTICS 



Characteristic 


Symbol 


Value 


Unit 


Thermal Resistance 


"JA 




c w 


Plastic 




40 




Plastic Leaded Chip Carrier (PLCC) 




50 





MOTOROLA MICROPROCESSOR DATA 
3-1251 



MC68HC805B6 



Pins 


R1 


R2 


C 


PA7-PA0, 

PB7-PB0, 

PC7-PC0, 

TCMP1 

TCMP2 


3.26 kii 


2.38 kii 


50 pF 


TDO, SCLK, 
PLMA, PLMB 


1.9 kii 


2 26 kS! 


200 pF 


V DD = 3.0V 


Pins 


R1 


R2 


C 


PA7-PA0, 

PB7-PB0, 

PC7-PC0, 

TCMP1, 

TCMP2 


10.91 kii 


6.32 kii 


50 pF 


TDO, SCLK, 
PLMA, PLMB 


6 kii 


6 kit 


200 pF 



TEST q_ 
POINT 



(SEE I 
TABLE) *— 



R2 

(SEE TABLE) 



R1 

(SEE TABLE) 



Figure 21. Equivalent Test Load 



POWER CONSIDERATIONS 

The average chip-junction temperature, Tj, in °C can 
be obtained from: 

Tj=t a + (Pd-hja> d) 

where: 

T A = Ambient Temperature, °C 
(, JA = Package Thermal Resistance, 
Junction-to-Ambient, °C/W 

p D =P|NT+ p l/0 

P INT = 'CC x ^CC' Watts — Chip Internal Power 
p l/0 = Power Dissipation on Input and Output 
Pins — User Determined 



For most applications P|/o < P|NT ar| d can De neglected. 

The following is an approximate relationship between 
Pq and Tj (if P|/q is neglected): 

P D = K-(Tj + 273°C) (2) 

Solving equations (1) and (2) for K gives: 

K = P d -(T a + 273°C) + Hja«Pd 2 (3) 
where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring Pq 
(at equilibrium) for a known T A . Using this value of K, 
the values of Pq and Tj can be obtained by solving equa- 
tions (1) and (2) iteratively for any value of T A . 
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DC ELECTRICAL CHARACTERISTICS (V DD = 5.0 Vdc±10%, V S s = 0 Vdc, T A = T L to T H , unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Output Voltage, iLoad^O 0 M-A 


vol 

V UH 


Vnn - 0 1 




0.1 


V 


Output High Voltage 
dLoad^O.8 mA) PA0-PA7, PB0-PB7, PC0-PC7, TCMP1, TCMP2 

III - 1 fi mA! TnO S.C\ K PI MA PI MR 

' LOaO u IIIM/ 1 UU, Ol^l-l\, 1 l_IVIr\, 1 LIVID 


VOH 


Vdd-0.8 

V DD u ° 


Vdd-0.4 

V DD UH 


— 


V 


Output Low Voltage 
('Load = 1.6 mA) PA0-PA7, PB0-PB7, PC0-PC7, TCMP1, TCMP2, 

PLMA, PLMB, TDO, SCLK 
RESET 


U n , 
v OL 




0 1 

0.4 


04 
1 0 


v 


Input High Voltage 
PA7-PA0, PB7-PB0, PC7-PC0. PD7-PD0, TCAP1, TCAP2, IRQ, 
RESET, 0SC1, RDI 


V|H 


07xV DD 




VDD 


V 


Input Low Voltage 

PA7-PA0, PB7-PB0, PC7-PC0, PD7-PD0, TCAP1, TCAP2, IRQ, 
RESET, 0SC1, RDI 


V|L 


VSS 




02xV DD 


V 


EEPR0M6 Programming Voltage 


VPP6 


VDD 




19 


V 


Supply Current (see Notes) 
RUN (SM = 0) 
RUN (SM = 1, t cyc = 8 jis) 
WAIT (SM = 0) 
WAIT (SM = 1, t cyc = 8 (is) 
STOP 

0 to 70°C (Standard) 
-40 to 85°C (Extended) 
-40 to 125°C (Automotive) 


bD 


- 
- 


35 
05 
1 

0 35 
2 


9 
2 
4 
1 

10 

20 
50 


mA 
mA 
mA 
mA 

(iA 
nA 


I/O Ports Hi-Z Leakage Current 
PA7-PA0, PB7-PB0, PC7-PC0, TDO, RESET, SCLK 


IlL 




±0.2 


_t 1 


(JLA 


Input Current 
IRQ, TCAP1, TCAP2, OSC1, RDI 
PD0/AN0-PD7/AN7 (A/D off) 
PD0/AN0-PD7/AN7 (A/D on) 


■in 




-0.2 
±02 
= 10 


A1 
A 1 

TBD 


(xA 


Capacitance 
Ports (as Input or Output), RESET 
TDO, SCLK 

IRQ, TCAP1, TCAP2, OSC1, RDI 
PD0/AN0-PD7/AN7 (A/D off) 
PD0/AN0-PD7/AN0 (A/D on) 


Cout 
Cout 
C,n 
Cm 
Cm 




12 
22 


12 
12 
8 
TBD 
TBD 


pF 



TBD = To be determined. 
NOTES: 

1. All values shown reflect average measurements. 

2 Typical values at midpoint of voltage range, 25 C only. 

3. Wait Iqd: Only timer system active (TE = RE = 0) If SCI active (TE - RE - 1) add 10% current draw 

4 Run (Operating) \qq, Wait 'DD : Measured using external square wave clock source (f osc - 4 0 MHz), all inputs 0 2V from rail, 
no dc loads, less than 50 pF on all outputs, C|_ = 20 pF on OSC2. 

5 Wait, Stop Idd : All ports configured as inputs, V||_ = 0.2 V, V|h = Vqd - 0 2 V 

6 Wait Idd is affected linearly by the OSC2 capacitance. 
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DC ELECTRICAL CHARACTERISTICS (V DD = 3.3 Vdc±10%, V S s = 0 Vdc, T A = T L to T H , unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Output Voltage, lLoad"^0.0 MlA 


Vni 

V UL 

VOH 


vdd-o.1 




0.1 


V 


Output High Voltage 
"Load = 0 2 mA ) PA7-PA0, PB7-PB0, PC7-PC0, TCMP1, TCMP2 
dLoad = 0.4 mA) TDO, SCLK, PLMA, PLMB 


VOH 


Vdd _ 0.3 
Vdd-0.3 


Vdd -o.i 
Vdd-oi 




V 


Output Low Voltage 
"Load = 0 4 mA ) PA7-PA0, PB7-PB0, PC7-PC0, TCMP1, TCMP2, 

PLMA, PLMB, TDO, SCLK 
RESET 


vol 




0.1 

0.2 


0.3 
0.6 


V 


Input High Voltage 
PA7-PA0, PB7-PB0, PC7-PC0, PD7-PD0, TCAP1, TCAP2, IRQ, 
RESET, OSC1, RDI 


V|H 


0.7 x Vdd 




vdd 


V 


Input Low Voltage 
PA7-PA0, PB7-PB0, PC7-PC0, PD7-PD0, TCAP1, TCAP2, IRQ, 
RESET, OSC1, RDI 


V|L 


vss 




0.2 x v D d 


, V 


EEPROM6 Programming Voltage 


VPP6 


vdd 




19 


V 


Supply Current (see Notes) 
RUN (SM = 0) 
RUN (SM = 1, t cyc = 8 u.s) 
WAIT(SM-O) 
WAIT(SM = 1,t cyc = 8 (is) 
STOP 

0 to 70 C (Standard) 
-40 to -t-85'C (Extended 
-40 to 125C (Automotive) 


Idd 




— 


1.2 
0.2 
0.4 
0.15 

1 


5 

1 

2 

0.5 

10 
10 

30 


, mA 
mA 
mA 
mA 
M-A 
nA 
HA 


I 0 Ports Hi-Z Leakage Current 
PA7-PA0, PB7-PB0, PC7-PC0, TDO, RESET, SCLK 


IlL 


- 


±0.2 


±10 


HA 


Input Current 
IRQ, TCAP1, TCAP2, OSC1, RDI 
PD0/AN0-PD7 AN7 (A/D off) 
PDO AN0-PD7 AN7 (A/D on) 


■in 




±0.2 
±0.2 
±10 


± 1 
±1 
TBD 


^A 


Capacitance 
Ports (as Input or Output), RESET, TDO 
TDO, SCLK 

IRQ, TCAP1, TCAP2, OSC1, RDI 
PD0.AN0-PD7.AN7 (AD off) 
PD0AN0-PD7-AN7 (A/D on) 


Cout 
Cout 
Cjn 
Cm 
Cm 




12 
22 


12 

12 

8 
TBD 
TBD 


pF 



TBD = To be determined. 



NOTES: 

1 All values shown reflect average measurements. 

2. Typical values at midpoint of voltage range, 25°C only. 

3 Wait Idd : O n| y timer system active (TE = RE = 0). If SCI active (TE = RE = 1) add 10% current draw. 

4. Run (Operating) Idd< Wait 'DD : Measured using external square wave clock source (f osc = 4.0 MHz), all inputs 0.2 V from rail; 
no dc loads, less than 50 pF on all outputs, C|_ = 20 pF on OSC2. 

5. Wait, Stop Idd- All ports configured as inputs, V||_ = 0,2 V, V|h =Vdd~0- 2 V. 
6 Wait Idd is affected linearly by the OSC2 capacitance. 
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A/D CONVERTER CHARACTERISTICS (V D d = 5 0 Vdc± 10%, V ss = 0 Vdc) 



Characteristic 


Parameter 


Min 


Max 


Unit 


Resolution 


Number of bits resolved by the A/D 


8 




Rit 
Dll 


Non-Linearity 


Maximum deviation from the best straight line through the 
A/D transfer characteristics (Vrh = Vdd ar| d Vr|_ = 0 V) 




±y 2 


LSB 


Quantization Error 


Uncertainty due to converter resolution 




±y 2 


LSB 


Absolute Accuracy 


Difference between the actual input voltage and the full-scale 
equivalent of the binary code output code for all errors 




±1 


LSB 


Conversion Range 


Analog input voltage range 


Vrl 


vrh 


V 


Vrh 


Maximum analog reference voltage 


Vrl 


Vdd + 0.1 


V 


Vrl 


Minimum analog reference voltage 


Vss-0.1 


vrh 


V 


Conversion Time 


Total time to perform a single analog-to-digital conversion 

a. External Clock (XTAL, EXTALj 

b. Internal RC oscillator 




32 
32 


l cyc 


Monotonicity 


Conversion result never decreases with an increase in input 
voltage and has no missing codes 


Guaranteed 


Zero-Input Reading 


Conversion result when V m = Vrl 


00 




Hex 


Full-Scale Reading 


Conversion result when V m = VR|-| 




FF 


Hex 


Sample Acquisition Time 
(see Note 1) 


Analog input acquisition sampling 

a. External Clock (XTAL. EXTAL) 

b. Internal RC oscillator 




12 
12 


tcyc 
lis 


Sample/Hold Capacitance 


Input capacitance on PD0/AN0-PD7/AN7 




12 


pF 


Input Leakage 
(see Note 2) 


Input leakage on A/D pins PD0/AN0-PD7/AN7, Vr|_, Vrh 




1 
1 


liA 



NOTES: 

1. Source impedances greater than 10K ohm will adversely affect internal RC charging time during input sampling. 

2. The external system error caused by input leakage current is approximately equal to the product of R source and input current. 
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CONTROL TIMING (V DD = 5.0 Vdc±10%, Vss = 0 Vdc, T A = T L to T H ) 



Vsiiaiauiciiouu 


Symbol 






Unit 


Prpniipnr\/ r»f Onpratinn 


f 

lose 






MHz 


Crystal Option 




— 


4.2 




External Clock Option 




dc 


42 




Internal Operating Frequency 


fop 






MHz 


Crystal (f osc /2) 




2 1 




external uiock Uosc'^' 




dc 


2 1 




Cycle Time (see Figure 23) 


l cyc 


480 


— 


ns 


Crystal Oscillator Startup Time (see Figure 23) 


toxov 


— 


100 


ms 


Stop Recovery Startup Time (Crystal Oscillator) 


t|LCH 


— 


100 


ms 


External RESET Input Pulse Width (see Figure 23) 


1RL 


1.5 


— 


*cyc 


Power-On RESET Output Pulse Width 


tPORL 








4UU4 oyoic wpuuii 




4064 




'eye 


16 Cycle Option 




16 





Watchdog RESET Output Pulse Width 


tDOGL 


1 5 




tcyc 


Watchdog Time-Out 


tDOG 


6144 


7168 


l cyc 


EEPR0M1 Byte Erase Time 


tERA 






ms 


0 to 70'C (Standard) 




10 


— 




0 to 85"C (Extended) 




10 


— 




0 to 125'C (Automotive) 




10 


— 




EEPR0M1 Byte Programming Time 


tPROG 






ms 


0 to 70'C (Standard) 




10 


— 




0 to 85'C (Extended) 




10 


— 




0 to 125°C (Automotive) 




20 


— 




EEPR0M6 Bulk Erase Time 


l ERA6 






ms 


0 to 70 J C (Standard) 




10 


— 




0 to 85'C (Extended) 




10 


— 




0 to 125°C (Automotive) 




10 


— 




EEPR0M6 Byte Programming Time 


TPR0G6 






ms 


0 to 70°C (Standard) 




10 


— 




0 to 85°C (Extended) 




10 






0 to 125X (Automotive) 




20 


— 




Timer 










Resolution** 


tRESL 


40 




tcyc 


Input Capture Pulse Width (see Figure 22 


l TH- tTL 


125 




ns 


Input Capture Pulse Period (see Figure 22) 


tTL- tTL 


**# 




tcyc 


Interrupt Pulse Width (Edge-Triggered) (see Figure 11) 


tlLIH 


125 




ns 


Interrupt Pulse Period (see Figure 11) 


tlLIL 






tcyc 


0SC1 Pulse Width 


tOH- l OL 


90 




ns 



NOTES: 

*The minimum period t||_||_ should not be less than the number of cycle times it takes to execute the interrupt service routine 
plus 21 t cyc . 

**Since a 2-bit prescaler in the timer must count four internal cycles (t cvc ), this is the limiting minimum factor in determining 
the timer resolution 

***The minimum period tTLTL snou 'd not be less than the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 t cvc 



EXTERNAL 
SIGNAL 
(TCAP1, 
TCAP2) 



tTLTL- 



-I 



tTH 



— *| tTL [« 



Figure 22. Timer Relationship 
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CONTROL TIMING (V D D = 3.3 Vdc ± 1 0%, V S s = 0 Vdc, T A = T L to T H ) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Frequency of Operation 
Crystal Option 
External Clock Option 


^osc 


dc 


2.0 
2.0 


MHz 


Internal Operating Frequency 
Crystal (fosc^) 
External Clock (f 0 sc /2 l 


fnn 


- 

dc 


1.0 
1 0 


MHz 


Cycle Time (see Figure 23) 


'eye 


1000 




ns 


Crystal Oscillator Startup Time (see Figure 23) 


toxov 




100 


ms 


Stop Recovery Startup Time (Crystal Oscillator) 


»ILCH 




100 


ms 


External RESET Input Pulse Width (see Figure 23) 


tRL 


1 5 




tcyc 


Power-On RESET Output Pulse Width 
4064 Cycle Option 
16 Cycle Option 


tPORL 


4064 
16 


- 


l cyc 


Watchdog RESET Output Pulse Width 


tDOGL 


1 5 




tcyc 


Watchdog Time-Out 


l DOG 


6144 


7168 


l cyc 


EEPROM1 Byte Erase Time 
0 to 70°C (Standard) 
0 to 85°C (Extended) 
0 to 125°C (Automotive) 


l ERA 


30 
TBD 
TBD 


— 


ms 


EEPROM1 Byte Programming Time 
0 to 70°C (Standard) 
0 to 85°C (Extended) 
0 to 125°C (Automotive) 


tPROG 


30 
TBD 
TBD 


— 


ms 


EEPROM6 Bulk Erase Time 
0 to 70°C (Standard) 
0 to 85°C (Extended) 
0 to 125°C (Automotive) 


*ERA6 


30 
TBD 
TBD 


- 


ms 


EEPROM6 Byte Programming Time 
0 to 70°C (Standard) 
0 to 85°C (Extended) 
0 to 125°C (Automotive) 


tPROG6 


30 
TBD 
TBD 




ms 


Timer 
Resolution** 

Input Capture Pulse Width (see Figure 22) 
Input Capture Pulse Period (see Figure 22) 


tRESL 
tTH- tTL 
tTL- t T L 


4.0 
250 

*■** 




tcyc 
ns 

tcyc 


Interrupt Pulse Width (Edge-Triggered) (see Figure 11) 


tlLIH 


250 




ns 


Interrupt Pulse Period (see Figure 11) 


tlLIL 


* 




tcyc 


OSC1 Pulse Width 


tOH- tQL 


200 




ns 



NOTES 

*The minimum period t||_||_ should not be less than the number of cycle times it takes to execute the interrupt service routine 
plus 21 t cyc . 

**Since a 2-bit prescaler in the timer must count four internal cycles (t cyc ), this is the limiting minimum factor in determining 
the timer resolution. 

*"**The minimum period tjLjL should not be less than the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 t cvc . 
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CO 



tVDDR 



Vqq -)f Vrjrj THRESHOLD (1-2 V TYPICAL) 



oscr 



INTERNAL 
PROCESSOR 
CLOCK* 



INTERNAL 
ADDRESS 
BUS* 



INTERNAL 
DATA 
BUS* 



RESET 



T'\///////////////////////////////////////////////////////// 




a 

O) 
00 

X 

o 

oo 
o 

U1 
00 

O) 





— t RL — ». 








/ 



"Internal timing signal and bus information not available externally 

*0SC1 line is not meant to represent frequency It is only used to represent time 

"The next rising edge of the internal processor clock following the rising edge of RESET initiates the reset sequence 



Figure 23. Power-On Reset and RESET 
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ORDERING INFORMATION 



Package Type 


Temperature 


Order Number 


PLCC 
(FN Suffix) 


0 C to + 70 C 
-40 C to +85 C 
-40Cto +125C 


MC68HC805B6FN 

MC68HC805B6CFN 

MC68HC805B6MFN 



PIN ASSIGNMENTS 



<C <C <J Q_ Q- uj 
cnooaocjoooooocj 

>ZO-Q-Q-t— |— I— COCCQ-Q-Q. 



,n n n 



VRH C 8 
PD4/AN4 C 

VDOC 
PD3/AN3 C 
PD2/AN2 C 
PD1/AN1 C 
PDO/ANO C 14 

VPP6 C 
0SC1 C 
0SC2 C 




r-li-ir-ir-li-.r-.r-.nl-. 

O 52 47 



21 27 

uuuuuuuu 



46 3 PC3 
] PC4 
3 PC5 
3 PC6 
3 PC7 

3V SS 
40 ] v PP1 

3 PBO 
3 PB1 
3 PB2 
3 PB3 
3 PB4 
34 3 PB5 



33 

u u u u 



CO cni 



2 a. a. < < < < <<<<oam 

Q < < Q- Q- Q- Q- Q-Q.Q-Q.a-Q. 
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Technical Summary 

8-Bit Microcontroller Unit 

The MC68HC805C4 (HCMOS) microcontroller unit (MCU) is a member of the M68HC05 Family of 
microcontrollers. This high-performance, low-power MCU has parallel I/O capability with pins pro- 
grammable as input or output. This publication contains condensed information on the MCU; for 
more detailed information, contact your local Motorola sales office. 

The following block diagram depicts the hardware features; additional features available on the 
MCU are as follows: 

• On-Chip Oscillator with RC or Crystal/Ceramic Resonator Mask Options 

• Memory-Mapped I/O 

• 176 Bytes of On-Chip RAM 

• 4156 Bytes of On-Chip EEPROM 

• 24 Bidirectional I/O Lines and 7 Input-Only Lines 

• Serial Communications Interface (SCI) System 

• Serial Peripheral Interface (SPI) System 

• On-Chip Bootstrap Firmware 

• Power-Saving STOP, WAIT, and Data Retention Modes 

• Single 3.0- to 5 5-Volt Supply (2-Volt Data Retention Mode) 

• Fully Static Operation 

• 8x8 Unsigned Multiply Instruction 



BLOCK DIAGRAM 
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This document contains information on a new product. Specifications and information herein are subject to change without notice. 



MOTOROLA MICROPROCESSOR DATA 
3-1260 



MC68HC805C4 



SIGNAL DESCRIPTION 

The signal descriptions of the MCU are discussed in 
the following paragraphs. 

V DD AND Vss 

Power is supplied to the microcontroller using these 
two pins. Vqd is the positive supply, and Vss is ground. 

IRQ 

This pin is a programmable option that provides two 
different choices of interrupt triggering sensitivity. Refer 
to INTERRUPTS for more detail. 

OSC1, OSC2 

These pins provide control input for an on-chip clock 
oscillator circuit. A crystal, a ceramic resonator, a resistor/ 
capacitor combination, or an external signal connects to 
these pins providing a system clock. A mask option se- 
lects either a crystal/ceramic resonator or a resistor/ca- 
pacitor as the frequency determining element. The 
oscillator frequency is two times the internal bus rate. 

Crystal 





2 MHz 


4 MHz 


Units 


RSMAX 


400 


75 


a 


CO 


5 


7 


pF 


C1 


0 008 


0 012 


^ 


COSC1 


15-40 


15-30 


pF 


COSC2 


15-30 


15-25 


pF 


R P 


10 


10 


MQ 


6. 


30 


40 


K 



RC Oscillator 

With this option, a resistor is connected to the oscillator 
pins as shown in Figure 1(d). The relationship between 
R and f osc is shown in Figure 2. 

Crystal 

The circuit shown in Figure 1 (b) is recommended when 
using a crystal. Using an external CMOS oscillator is rec- 
ommended when crystals outside the specified ranges 
are to be used. The crystal and components should be 
mounted as close as possible to the input pins to mini- 
mize output distortion and start-up stabilization time. Re- 
fer to ELECTRICAL SPECIFICATIONS for Vqd 
specifications. 

Ceramic Resonator 

A ceramic resonator may be used in place of the crystal 
in cost-sensitive applications. The circuit in Figure 1(b) is 
recommended when using a ceramic resonator. Figure 
1(a) lists the recommended capacitance and resistance 
values. The manufacturer of the resonator considered 
should be consulted for specific information on resonator 
operation. 

Ceramic Resonator 





2-4 MHz 


Units 


Rs (typical) 


10 


n 


c 0 


40 


PF 


C1 


4 3 


PF 


COSCI 


30 


PF 


c OSC2 


30 


PF 


R P 


1-10 


Mil 


Q 


1250 





(a) Crystal/Ceramic Resonator Parameters 




c OSC1=t= = r = CQSC2 



L Ci R C 



OSC2 
38 




OSCI 
39 




c 0 
II 





(b) Crystal/Ceramic Resonator 
Oscillator Connections 



(c) Equivalent Crystal Circuit 



MCU 

OSCI OSC2 




Unconnected 

< External Clock 



(d) RC Oscillator Connections 



(e) External Clock Source Connections 
(For Crystal Mask Option Only) 



Figure 1. Oscillator Connections 
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Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option Only 



External Clock 

An external clock should be applied to the OSC1 input 
with the OSC2 input not connected, as shown in Figure 
1(e). This option may only be used with the crystal os- 
cillator mask option. 

INPUT CAPTURE (TCAP) 

This pin controls the input capture feature for the on- 
chip programmable timer. 

OUTPUT COMPARE (TCMP) 

This pin provides an output for the output compare 
feature of the on-chip timer. 

RESET/MATCH 

This pin is used as an input to reset the M CU and 
provide an orderly start-up procedure by pulling RESET 
low. As an output, MATCH generates an address match 
breakpoint pulse. Refer to HARDWARE BREAKPOINT 
REGISTERS for more information. 

INPUT/OUTPUT PORTS (PA0-PA7, PB0-PB7, PC0-PC7) 

These 24 lines are arranged into three 8-bit ports (A, 
B, and C). These ports are programmable as either inputs 
or outputs under software control of the data direction 
registers. Refer to PROGRAMMING for additional infor- 
mation. 

FIXED INPUT PORT (PD0-PD5, PD7) 

These seven lines comprise port D, a fixed input port. 
All special functions that are enabled (SPI, SCI) affect this 
port. Referto PROGRAMMING for additional information. 

Vpp 

This pin supplies high voltage to the MCU for pro- 
gramming and erasing the on-chip EEPROM. Refer to 
Electrical Specifications for Vpp specifications. 

PROGRAMMING 

Input/output port programming, fixed input port pro- 
gramming, and serial port programming are discussed 
in the following paragraphs. 



INPUT/OUTPUT PORT PROGRAMMING 

Any port pin is programmable as either an input or an 
output under software control of the corresponding data 
direction register (DDR). Each port bit can be selected as 
output or input by writing the corresponding bit in the 
port DDR to a logic one for output and logic zero for input. 
On reset, all DDRs are initialized to logic zero to put the 
ports in the input mode. The port output registers are not 
initialized on reset but may be written to before setting 
the DDR bits to avoid undefined levels. 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Refer to 
Figure 3 for typical port circuitry and to Table 1 for a list 
of the I/O pin functions. 



Table 1. I/O Pin Functions 



R/W» 


DDR 


I/O Pin Functions 


0 


0 


The I/O pin is in input mode. Data is 
written into the output data latch. 


0 


1 


Data is written into the output data latch 
and output to the I/O pin. 


1 


0 


The state of the I/O pin is read. 


1 


1 


The I/O pin is in an output mode. The 
output data latch is read. 



*R/W is an internal signal. 



FIXED INPUT PORT PROGRAMMING 

Port D is a fixed input port (PD0-PD5, PD7) that monitors 
the external pins whenever the SCI or SPI is disabled. 
After reset, all seven bits become valid inputs because 
all special function drivers are disabled. For example, 
with the SCI enabled, PDO and PD1 inputs will read zero. 
With the SPI disabled, PD2 through PD5 will read the state 
of the pin at the time of the read operation. 
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Internal 
MCU 
Connections 



\ 



Latched 
Output Data 
Bit 






I/O 
Pin 



Figure 3. Typical Port I/O Circuit 



NOTE 

Any unused inputs and I/O ports should be tied to 
an appropriate logic level (e.g., either Vqd or Vss)- 

SERIAL PORT (SCI AND SPI) PROGRAMMING 

The SCI and SPI use the port D pins for their functions. 
The SCI requires two pins (PD0-PD1) for its receive data 
input (RDI) and transmit data output (TDO), respectively. 
The SPI function requires four of the pins (PD2-PD5) for 
its serial data input/output (MISO), serial data output/ 
input (MOSI), serial clock (SCK), and slave select (SS), 
respectively. 



MEMORY 

The MCU is capable of addressing 8192 bytes of mem- 
ory and I/O registers, as shown in Figure 4. The locations 
consist of EEPROM, user RAM, bootstrap ROM, control 
registers, and I/O. The user defined reset and interrupt 
vectors are located from $1 FF4 to $1 FFF and are imple- 
mented in EEPROM. 

The shared stack area is used during processing of an 
interrupt or subroutine call to save the CPU state. The 
stack pointer decrements during pushes and increments 
during pulls. Refer to INTERRUPTS for additional infor- 
mation. 

NOTE 

Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. 

EEPROM 

The MCU has 4144 bytes of user EEPROM and 12 bytes 
of user vector EEPROM. The EEPROM is divided into two 
arrays, designated A and B. Array A consists of page zero 
EEPROM ($0020 to $004F) and locations $0100 to $09FF. 
Array B consists of locations $0A00 to $1 OFF and loca- 
tions $1FF0 to $1 FFF. Each array has assigned program- 
ming address and data buses, which are latched while a 



programming function is being performed. Separate ar- 
rays allow program execution in one array while the other 
array is being programmed or erased. 

Either single- or multi-byte EEPROM programming can 
be performed. Single-byte programming uses the pro- 
gram register at location $001C. Multi-byte programming 
uses the bootstrap mode operation. Both types of pro- 
gramming are described in the following paragraphs. 

Erasing 

Array A and array B can be erased independently or 
simultaneously. Figure 5 illustrates the erasing operation. 
Both arrays can be erased simultaneously by setting the 
LATA and LATB bits, writing to a byte in both arrays, and 
setting the EEPGM bit. 

Single-Byte Programming 

The program register ($1C) is used for single-byte 
EEPROM programming. 



7 


6 


5 


4 


3 


2 


1 


0 


0 


CPEN 


0 


0 


ERASE 


LATA 


LATB 


EEPGM 


RESET 
0 


0 


0 


0 


0 


0 


0 


0 



CPEN — Charge Pump Enable 
1 =Charge pump enabled 

0 = Charge pump disabled 
ERASE — Erase EEPROM Enable 

1 = Erase enabled 

0 = Erase disabled 
LATA — Latch A Enable 

1 = Enables array A data and address bus latches for 

programming or erasing on the next byte write 
cycle 

0 = Latch disabled 
LATB — Latch B Enable 

1 = Enables array B data and address bus latches for 

programming or erasing on the next byte write 
cycle 
0 = Latch disabled 
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$0000 



$001 F 
$0020' 



$004F 
$0050 



$00BF 

$ooco' 

$00FF_ 
$0100' 



$10FF 
$1100 



$1 EFF 
$1F00 

$1 FDE 
$1 FDF 
$1FE0 

$1 FEF 
$1FF0 

$1FF3 
$1FF4 

$1 FFF 



I/O 
32 Bytes 



User 
EEPROM 
48 Bytes 



RAM 
176 Bytes 



Stack 

64 
Bytes 



User 
EEPROM 
4096 Bytes 



Unused 
3584 Bytes 



Bootstrap 
ROM 



IRQ Option Reg 

Bootstrap 
Vectors 
(ROM) 



Unused 
4 Bytes 



User Vectors 
EEPROM 
12 Bytes 



0000 $0000 



0031 

0032 
\ 

\ 

0079 
0080 
\ 

\ 



0191 
0192 



0255 
0256 



4351 
4352 



7935 
7936 



8175 
8176 
8179 
8180 

8191 ' 



\ 



\ 

\ 

\ 

\ 

\ 

\ 

$001 F 



Ports 
7 Bytes 



Unused 
3 Bytes 



Serial Peripheral 
Interface 
3 Bytes 



Serial 
Communications 
Interface 
5 Bytes 



Timer 
10 Bytes 



PROG REG Byte 



Breakpoint 
2 Bytes 



Unused Byte 



0000 



0031 



256 Bytes 



Port A Data Register 


$00 


Port B Data Register 


$01 


Port C Data Register 


$02 


Port D Fixed Input Register 


$03 


Port A Data Direction Register 


$04 


Port B Data Direction Register 


$05 


Port C Data Direction Register 


$06 


Unused 


$07 


Unused 


$08 


Unused 


$09 


Serial Peripheral Control Register 


$0A 


Serial Peripheral Status Register 


$0B 


Serial Peripheral Data I/O Register 


$0C 


Serial Communications Baud Rate Register 


$0D 


Serial Communications Control Register 1 


$0E 


Serial Communications Control Register 2 


$0F 


Serial Communications Status Register 


$10 


Serial Communications Data Register 


$11 


Timer Control Register 


$12 


Timer Status Register 


$13 


Input Capture High Register 


$14 


Input Capture Low Register 


$15 


Output Compare High Register 


$16 


Output Compare Low Register 


$17 


Counter High Register 


$18 


Counter Low Register 


$19 


Alternate Counter High Register 


$1A 


Alternate Counter Low Register 


$1B 


Program Register 


$1C 


Breakpoint Address Low 


$1D 


Breakpoint Address High 


$1E 


Unused 


$1F 



Figure 4. Memory Map 



EEPGM — Electrically Erase/Program 

1 = Applies Vpp power to the EEPROM array for pro- 
gramming or erasing operation. 
0 = Vpp power off 

If LATA and LATB are cleared, EEPGM cannot be set. 
Bits 4, 5, 7 — Not used, always read zero 

Figure 6 illustrates the EEPROM single-byte program- 
ming operation. 

Multi-Byte Programming 

The multi-byte EEPROM programming technique can 
be used to load a user program into the EEPROM to 



emulate the MC68HC05C4 device. A user program con- 
tained in EPROM can be copied into the MC68HC805C4 
internal EEPROM. 

The MCU device is inserted into the circuit shown in 
Figure 7. A programming routine is selected via switches 
SI through S4, and Vqd ar >d Vpp applied to the circuit. 
Switch S5 changes the MCU from RESET to RUN mode, 
contol transfers to the bootstrap ROM, and the selected 
routine is executed. 

The EEPROM programming sequence of events is as 
follows: 

1. Place S5 in the RESET position. 

2. Select routine with S1 through S5. 
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D 



Erase = LATA(B) = 1 







Write to Any Byte 
In Array(s) to be Erased 






I EEPGM = 1 ) 






j Wait 100 ms | 






j EEPGM = 0 I 






j Wait 5 ms | 



Erase = LATA! B) = 0 



c 



J 



Figure 5. EEPROM Erasing 

3. Apply Vqd and Vpp to the circuit. 

4. Place S5 in the RUN position. 

5. Programming routine is executed. 

6. Place S5 in the RESET position. 

7. Remove Vqd and Vpp, or select and run new rou- 
tine. 

Once in bootstrap mode, the mode switch settings es- 
tablish the routine to be executed. The routines are as 
follows: 

Program and verify EEPROM 

Bulk erase and verify EEPROM 

Load program in RAM and execute 

Verify EEPROM contents 

Dump EEPROM contents 

Execute program in RAM 

Program and Verify EEPROM 

The program and verify routine copies the contents of 
an external 8Kx8 EPROM into the EEPROM of the MCU, 
with direct correspondence between the addresses. 
Memory addresses in the MCU that are not implemented 
in EEPROM are skipped. Unprogrammed EPROM ad- 
dresses should contain $FF bytes to speed up the pro- 
gramming process. During programming, the 



Turn On Charge Pump 



Stabilize Vpp 







Write 
EEPROM Byte 







■ Array Buses Not Latched 



| EEPGM = 1 | 




• Array Buses Latched 



Vpp Routed to EEPROM 



Byte Programmed 



CZjElZ) 

Figure 6. Single-Byte EEPROM Programming 



PROGRAMMING LED (DS2) lights. After programming, 
DS2 turns off and verification begins. If the contents of 
the external EPROM and MCU internal EEPROM exactly 
match, the VERIFIED LED (DS1) lights. If a discrepancy is 
detected, the routine stops and the error address location 
is placed on the external memory address bus. 

NOTE 

Devices from the A65G mask set do not auto- 
matically verify at the end of the programming rou- 
tine. When programming is complete (DS2 turns 
off), reset the MCU and perform the procedure to 
verify EEPROM contents. 

Bulk Erase and Verify EEPROM 

In the bulk erase and verify EEPROM routine, all EE- 
PROM locations return to the unprogrammed ($FF) state. 
After the erase operation, every location is verified to be 
$FF, and the VERIFIED LED (DS1) is lit. If a location fails 
to erase, the address of the failing location is placed on 
the external memory address bus. The routine can be 
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executed again until all EEPROM locations are erased and 
verified. 

During this routine, external memory is disabled, port 
B is set to output data, and $FF data is written to the 
output register. 

Load Program in RAM and Execute 

In the load program in RAM and execute routine, user 
programs are loaded via the SCI port, and then executed. 
Data is loaded sequentially, starting at address $0050. 
After the last byte is loaded, control is transferred to the 
RAM program starting at location $0051. The first byte 
loaded is the count of the total number of bytes in the 
program, plus the count byte. The program starts at the 
second location in RAM. During initialization, the SCI is 
configured for NRZ data format (idle line, start bit, 8 data 
bytes, and stop bit). The baud rate is 4800 with a 2-MHz 
crystal. 

Execution can be held off by setting the byte count to 
a value greater than the number of bytes to be loaded. 
After loading the last byte, the firmware waits for more 
data. At this point, S5 can be placed in the RESET posi- 
tion, which resets the MCU with the RAM data intact. All 
other routines can be entered, including the one to ex- 
ecute program in RAM, by selecting the routine desired 
and switching S5 to RUN. At the end of the RAM load 
routine, ports A and C are set to output. 

Verify EEPROM Contents 

The verify EPROM routine is normally entered auto- 
matically after the EEPROM is programmed or erased. 
Direct entry of this routine causes the EEPROM contents 
to be compared to the contents of external memory lo- 
cations at the same addresses. Both DS1 and DS2 are 
turned off until verification is complete. After verification, 
DS1 lights. If verification fails, the routine halts with the 
failing address on the external memory address bus. 

Dump EEPROM Contents 

In the dump EEPROM contents routine, the EEPROM 
contents are dumped sequentially to the SCI output. The 
first location sent is $0020, and the last location set is 
$1 FFF. Unused locations are skipped so that no gaps exist 
in the data stream. The external memory address lines 
indicate the current location being sent. Data is sent in 
NRZ format, as in the load program in RAM routine. 

Execute Program in RAM 

This routine allows the MCU to transfer control to a 
program previously loaded in RAM. This program is ex- 
ecuted once bootstrap mode is entered, if switch S4 is 
activated, without any firmware initialization. The pro- 
gram must start at location $0051 to be compatible with 
the load program in RAM routine. 



ACCUMULATOR (A) 

The accumulator is a general-purpose 8-bit register used 
to hold operands and results of arithmetic calculations 
or data manipulations. 

7 0 



INDEX REGISTER (X) 

The index register is an 8-bit register used for the in- 
dexed addressing mode. It contains an 8-bit value that 
may be added to an 8- or 16-bit immediate value to create 
an effective address. The index register may also be used 
as a temporary storage area. 

7 0 



PROGRAM COUNTER (PC) 

The program counter is a 13-bit register that contains 
the address of the next byte to be fetched. 

12 0 



PC 



STACK POINTER (SP) 

The stack pointer is a 13-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set to location $00FF. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

When accessing memory, the seven most significant 
bits are permanently set to 000001 1 . These seven bits are 
appended to the six least significant register bits to pro- 
duce an address within the range of $00FF to $00C0. 
Subroutines and interrupts may use up to 64 (decimal) 
locations. If 64 locations are exceeded, the stack pointer 
wraps around and loses the previously stored informa- 
tion. A subroutine call occupies two locations on the stack, 
while an interrupt uses five locations. 
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CONDITION CODE REGISTER (CCR) 

The CCR is a 5-bit register in which four bits are used 
to indicate the results of the instruction just executed. 
These bits can be individually tested by a program, and 
specific actions can be taken as a result of their state. 
Each bit is explained in the following paragraphs. 
CCR 
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REGISTERS 

The MCU contains the registers described in the fol- 
lowing paragraphs. 



Half Carry (H) 

This bit is set during ADD and ADC operations to in- 
dicate that a carry occurred between bits 3 and 4. 
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Figure 7. EEPROM Programming Circuit 
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Interrupt (I) 

When this bit is set, the timer and external interrupt is 
masked (disabled). If an interrupt occurs while this bit is 
set, the interrupt is latched and processed as soon as the 
interrupt bit is cleared. 

Negative (N) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative 
(bit 7 in the result is a logic one). 

Zero (Z) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 

Carry/Borrow (C) 

When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during 
bit test and branch instructions, and during shifts and 
rotates 



Hardware Breakpoint Register Low (ARL) $1D 
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MATCH — An instruction with the same address as that 
in the breakpoint register was fetched. 

1 -^Breakpoint enabled 

0 = Breakpoint disabled 
A12-A8 — Breakpoint address bits A12 through A8 

The hardware breakpoint registers are used as a pro- 
gram debugging aid. The breakpoint address is written 
into the registers, which are concatenated to form a com- 
plete address. When the processor fetches an instruction 



with the same address, RESET/MATCH goes low for one- 
half of a machine cycle, then high for one-half of a ma- 
chine cycle, to ensure that no false resets are generated 
on successive cycles. This operation does not alter pro- 
gram flow. 

The RESET/MATCH pin requires that the user provide 
an open-drain device during debugging to avoid con- 
flict s. A maximum load of 100 picofarads is allowed on 
the RESET/MATCH pin during debugging operations. 

RESETS 

The MCU can be reset two ways: b y initi al pow er-up 
and by the external reset input (RESET). The RESET in put 
cons ists mainly of a Schmitt trigger that senses the RE- 
SET line logic level. 

POWER-ON RESET (POR) 

An internal reset is generated on power up to allow the 
internal clock generator to stabilize. The power-on reset 
is strictly for power turn-on conditions and should not 
be used to detect a drop in the power supply voltage. 
There is a 4064 internal processor clock cyc le (t C yc > delay 
after the oscillator becomes active. If the RESET pin is 
low at the end of 40 46 t cvc , the MCU will remain in the 
reset condition until RESET goes high. 

EXTERNAL RESET INPUT 

The MCU is reset when a logic zero is applied to the 
RESET input for a period of one and one-half machine 
cycles (t cyc ). 

INTERRUPTS 

The MCU can be interrupted five diffe rent ways: the 
four maskable hardware interrupts (IRQ, SPI, SCI, and 
timer) and the nonmaskable software interrupt instruc- 
tion (SWI). 

Interrupts cause the processor to save register contents 
on the stack and to set the interrupt mask (I bit) to prevent 
additional interrupts. The RTI instruction causes the reg- 
ister contents to be recovered from the stack and normal 
processing to resume. The stacking order is shown in 
Figure 8. 



Increasing Memory 
Addresses 
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1 | 1 | 1 | Condition Code Registe 



Accumulator 



Index Register 



0 | 0 | 0 | PCH 



Decreasing Memory 
Addresses 



NOTE Since the Stack Pointer decrements during pushes, the PCL is 
stacked first, followed by PCH, etc Pulling from the stack is 
in the reverse order 



Figure 8. Interrupt Stacking Order 
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Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted but are con- 
sidered pending until the current instruction is complete. 

NOTE 

The current instruction is the one already fetched 
and being operated on. 

When the current instruction is complete, the processor 
checks all pending hardware interrupts. If unmasked (I 
bit clear) and if the corresponding interrupt enable bit is 
set, the processor proceeds with interrupt processing; 
otherwise, the next instruction is fetched and executed. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex- 
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction, regardless of the 1-bit state. 
Refer to Figure 9 for the reset and interrupt instruction 
processing sequence. 



TIMER INTERRUPT 

There are three different timer interrupt flags that cause 
a timer interrupt whenever they are set and enabled. The 
interrupt flags are in the timer status register (TSR), and 
the enable bits are in the timer control register (TCR). 
Refer to TIMER for more information. 



EXTERNAL INTERRUPT 

If the interrupt mask bit (I bit) of the CCR is set, all 
interrupts are disabled. Clearing the I bit enables the ex- 
ternal interrupt. The external interrupt is internally syn- 
chronized and then latched on the falling edge of IRQ. 
The action of the external interrupt is identical to the timer 
interrup t wi th the exception that the interrupt request 
input at IRQ is latched internally and the service routine 
address is specified by the contents of $1 FFA and $1 FFB. 

Either a level-sensitive and edge-sensitive trigger, or 
an edge-sensitive only trigger are available. Sensitivity 
is controlled by the IRQ option register, described in the 
following paragraphs. Figure 10 shows both a functional 
internal diagram and a mode timing diagram for the in- 
terrupt line. The timing diagram shows two treatments 
of the interrupt line to the processor. The first method 
shows a single pulse on the interrupt line spaced far 
enough apart to be serviced. The minimum time between 
pulses is a function of the length of the interrupt service. 
Once a pulse occurs, the next pulse should not occur until 
an RTI occurs. This time (t|LiL> is obtained by adding 21 
instruction cycles to the total number of cycles it takes 
to complete the service routine (not including the RTI 
instruction). The second method shows many interrupt 
lines "wire-ORed" to form the interrupts at the processor. 
If the interrupt line remains low after servicing an inter- 
rupt, then the next interrupt is recognized. 

NOTE 

The internal interrupt latch is cleared in the first part 
of the interrupt service routine; therefore, one ex- 
ternal interrupt pulse could be latched and serviced 
as soon as the I bit is cleared. 



IRQ Option Register, $1FDF 
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RESET 

0 0 0 0 0 0 1 0 

Bits 7-2, 0 — Not used 
Always read zero 

IRQ — Inter rupt Request Bit Sensitivity 

1 = IRQ pin is both negative edge- and level-sensitive 
0 = IRQ pin is negative edge-sensitive only 
IRQ is set only by reset, but can be cleared by soft- 
ware 

SOFTWARE INTERRUPT (SWI) 

The SWI is an executable instruction that is executed 
regardless of the state of the I bit in the CCR. If the I bit 
is zero, SWI executes after the other interrupts. The SWI 
operation is similar to the hardware interrupts. The in- 
terrupt service routine address is specified by the con- 
tents of memory locations $1FFC and $1FFD. 

SCI INTERRUPTS 

An interrupt in the SCI occurs when one of the interrupt 
flag bits in the serial communications status register is 
set, provided the I bit in the CCR is clear and the enable 
bit in the serial communications control register 2 is set. 
Software in the serial interrupt service routine must de- 
termine the cause and priority of the SCI interrupt by 
examining the interrupt flags and status bits in the SCI 
status register. 

SPI INTERRUPTS 

An interrupt in the SPI occurs when one of the interrupt 
flag bits in the serial peripheral status register is set, 
provided the I bit in the CCR is clear and the enable bit 
in the serial peripheral control register is set. Software 
in the serial peripheral interrupt service routine must de- 
termine the cause and priority of the SPI interrupt by 
examining the interrupt flag bits in the SPI status register 



LOW-POWER MODES 

STOP 

The STOP instruction places the MCU in its lowest power 
consumption mode. In the STOP mode, the internal os- 
cillator is turned off, halting all internal processing in- 
cluding timer, SCI, and SPI operation (refer to Figure 1 1 ). 

During the STOP mode, the TCR bits are altered to 
remove any pending timer interrupt request and to dis- 
able any further timer interrupts. The timer prescaler is 
cleared. The I bit in the CCR is cleared to enable external 
interrupts. All other registers and memory remain unal- 
tered. All input/output lines remain unchanged. The pro- 
cessor can be brought out of the STOP mode only by an 
external interrupt or reset. 

SCI During STOP Mode 

When the MCU enters the STOP mode, the baud rate 
generator stops, halting all SCI activity. If the STOP in- 
struction is executed during a transmitter transfer, that 
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Figure 9. Reset and Interrupt Processing Flowchart 
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Edge-Sensttive Trigger Condition 
The minimum pulse width (t|Lm) is either 
125 ns (Vdd = 5 V) or 250 ns (Vdd = 3 V) 
The period X\\j\_ should not be less than 
the number of tcyj cycles it takes to ex- 
ecute the interrupt service routine plus 21 
tcy C cycles, 

Laval- Sensitive Trigger Condition 

If after servicing an interrupt the IRQ re- 
mains low, then the next interrupt is 
recognized 




Normally 
Used with 
Wire-ORed 
Connection 



(b) Interrupt Mode Diagram 



Figure 10. External Interrupt 



transfer is halted. If a low input to the IRQ pin is used to 
exit STOP mode, the transfer resumes. If the SCI receiver 
is receiving data and the STOP mode is entered, received 
data sampling stops because the baud rate generator 
stops, and all subsequent data is lost. For these reasons, 
all SCI transfers should be in the idle state when the STOP 
instruction is executed. 

SPI During STOP Mode 

When the MCU enters the STOP mode, the baud rate 
generator stops, terminating all master mode SPI oper- 
ations. If the STOP instruction is executed during an SPI 
transfer, that transfer halts until the MCU exits the STOP 



mode by a low signal on the IRQ pin. If reset is used to 
exit the STOP mode, then the SPI control and status bits 
are cleared, and the SPI is disabled. If the MCU is in the 
slave mode when the STOP instruction is executed, the 
slave SPI continues to operate and can still accept data 
and clock information in addition to transmitting its own 
data back to a master device. 

At the end of a possible transmission with a slave SPI 
in the STOP mode, no flags are set until a low on the IRQ 
pin wakes up the MCU. Caution should be observed when 
operating the SPI as a slave during the STOP mode be- 
cause the protective circuitry (WCOL, MODF, etc.) is in- 
active. 
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WAIT 

The WAIT instruction places the MCU in a low-power 
consumption mode, but the WAIT mode consumes more 
power than the STOP mode. All CPU action is suspended, 
but the timer, SCI, and SPI remain active; refer to Figure 
1 2. An interrupt from the timer, SCI, or SPI can cause the 
MCU to exit the WAIT mode. 

During the WAIT mode, the I bit in the condition code 
register is cleared to enable interrupts. All other registers, 
memory, and input/output lines remain in their previous 
state. The timer may be enabled to allow a periodic exit 
from the WAIT mode. 

DATA RETENTION MODE 

The contents of RAM and CPU registers are retained 
at supply voltages as low as 2.0 Vdc. This is called the 



data retention mode where the data is held, but the device 
is not guaranteed to operate. The MCU should be in RESET 
during data retention mode. 



TIMER 

The timer consists of a 1 6-bit, software-programmable 
counter driven by a fixed divide-by-four prescaler. This 
timer can be used for many purposes, including input 
waveform measurements while simultaneously gener- 
ating an output waveform. Pulse widths can vary from 
several microseconds to many seconds. Refer to Figure 
13 for a timer block diagram. 

Because the timer has a 16-bit architecture, each spe- 
cific functional segment (capability) is represented by two 
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Figure 11. STOP Function Flowchart 
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Figure 12. WAIT Function Flowchart 



registers. These registers contain the high and low byte 
of that functional segment. Generally, accessing the low 
byte of a specific timer function allows full control of that 
function; however, an access of the high byte inhibits 
that specific timer function until the low byte is also ac- 
cessed. 

NOTE 

The I bit in the CCR should be set while manipu- 
lating both the high and low byte register of a spe- 
cific timer function to ensure that an interrupt does 
not occur. 



COUNTER 

The key element in the programmable timer is a 16- 
bit, free-running counter or counter register, preceded by 
a prescaler which divides the internal processor clock by 
four. The prescaler gives the timer a resolution of 2.0 
microseconds if the internal bus clock is 2.0 MHz. The 
counter is incremented during the low portion of the in- 
ternal bus clock. Software can read the counter at any 
time without affecting its value. 

The double-byte, free-running counter can be read from 
either of two locations $18-$19 (counter register) or 
$1A-$1B (counter alternate register). A read from only 
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Figure 13. Timer Block Diagram 



the least significant byte (LSB) of the free running counter 
($19,$1B) receives the count value at the time of the read. 
If a read of the free-running counter or counter alternate 
register first addresses the most significant byte (MSB) 
($18, $1A), the LSB ($19, $1B) is transferred to a buffer. 
This buffer value remains fixed after the first MSB read, 
even if the user reads the MSB several times. This buffer 
is accessed when reading the free-running counter or 
counter alternate register LSB ($19 or $1B) and, thus, 
completes a read sequence of the total counter value. In 
reading either the free-running counter or counter alter- 
nate register, if the MSB is read, the LSB must also be 
read to complete the sequence. 

The counter alternate register differs from the counter 
register in one respect: a read of the counter register MSB 
can clear the timer overflow flag (TOF). Therfore, the 
counter alternate register can be read at any time without 



the possibility of missing timer overflow interrupts due 
to clearing of the TOF. 

The free-running counter is configured to $FFFC during 
reset and is always a read-only register. During a power- 
on reset, the counter is also preset to $FFFC, and begins 
running after the oscillator start-up delay. Because the 
free-running counter is 16 bits preceded by a fixed divide- 
by-four prescaler, the value in the free-running counter 
repeats every 262,144 internal bus clock cycles. When the 
counter rolls over from $FFFF to $0000, the TOF bit is set. 
An interrupt can also be enabled when counter rollover 
occurs by setting its interrupt enable bit (TOIE). 

OUTPUT COMPARE REGISTER 

The 16-bit output compare register is made up of two 
8-bit registers at locations $16 (MSB) and $17 (LSB). The 
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output compare register is used for several purposes, 
such as indicating when a period of time has elapsed. All 
bits are readable and writable and are not altered by the 
timer hardware or reset. If the compare function is not 
needed, the two bytes of the output compare register can 
be used as storage locations. 

The output compare register contents are compared 
with the contents of the free-running counter continually, 
and if a match is found, the corresponding output com- 
pare flag (OCF) bit is set and the corresponding output 
level (OLCL) bit is clocked to an output level register. The 
output compare register values and the output level bit 
should be changed after each successful comparison to 
establish a new elapsed timeout. An interrupt can also 
accompany a successful output compare provided the 
corresponding interrupt enable bit (OCIE) is set. 

After a processor write cycle to the output compare 
register containing the MSB ($16), the output compare 
function is inhibited until the LSB ($17) is also written. 
The user must write both bytes (locations) if the MSB is 
written first. A write made only to the LSB ($17) will not 
inhibit the compare function. The free-running counter is 
updated every four internal bus clock cycles. The mini- 
mum time required to update the output compare reg- 
ister is a function of the program rather than the internal 
hardware. 

The processor can write to either byte of the output 
compare register without affecting the other byte. The 
output level (OLVL) bit is clocked to the output level reg- 
ister regardless of whether the output compare flag (OCF) 
is set or clear. 



INPUT CAPTURE REGISTER 

Two 8-bit registers which make up the 16-bit input cap- 
ture register are read-only and are used to latch the value 
of the free running counter after the corresponding input 
capture edge detector senses a defined transition. The 
level transition which triggers the counter transfer is de- 
fined by the corresponding input edge bit (IEDG). Reset 
does not affect the contents of the input capture register. 

The result obtained by an input capture will be one 
more than the value of the free running counter on the 
rising edge of the internal bus clock preceding the ex- 
ternal transition. This delay is required for internal syn- 
chronization. Resolution is one count of the free running 
counter, which is four internal bus clock cycles. 

The free running counter contents are transferred to 
the input capture register on each proper signal transition 
regardless of whether the input capture flag (ICF) is set 
or clear. The input capture register always contains the 
free running counter value which corresponds to the most 
recent input capture. 

After a read of the input capture register ($14) MSB, 
the counter transfer is inhibited until the LSB ($1 5) is also 
read. This characteristic causes the time used in the input 
capture software routine and its interaction with the main 
program to determine the minimum pulse period. 

A read of the input capture register LSB ($15) does not 
inhibit the free-running counter transfer since they occur 
on opposite edges of the internal bus clock. 



TIMER CONTROL REGISTER (TCR) $12 

The TCR is a read/write register containing five control 
bits. Three bits control interrupts associated with the timer 
status register flags ICF, OCF, and TOF. 
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ICIE — Input Capture Interrupt Enable 
1 = Interrupt enabled 

0 = Interrupt disabled 

OCIE — Output Compare Interrupt Enable 

1 = Interrupt enabled 

0 = Interrupt disabled 

TOIE — Timer Overflow Interrupt Enable 

1 = Interrupt enabled 

0 = Interrupt disabled 
IEDG — Input Edge 

Value of input edge determines which level transition 
on TCAP pin will trigger free running counter transfer 
to the input capture register 

1 = Positive edge 

0 = Negative edge 

Reset does not affect the IEDG bit (U = unaffected). 
OLVL — Output Level 
Value of output level is clocked into output level reg- 
ister by the next successful output compare and will 
appear on the TCMP pin 

1 = High output 
0 = Low output 

Bits 2, 3, and 4 — Not used 
Always read zero 



TIMER STATUS REGISTER (TSR) $13 

The TSR is a read only register containing three status 
flag bits. 
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ICF — Input Capture Flag 

1 = Flag set when selected polarity edge is sensed by 
input capture edge detector 

0 = Flag cleared when TSR and input capture low reg- 

ister ($15) are accessed 
OCF — Output Compare Flag 

1 = Flag set when output compare register contents 

match the free running counter contents 

0 = Flag cleared when TSR and output compare low 

register ($17) are accessed 
TOF — Timer Overflow Flag 

1 = Flag set when free running counter transition from 

$FFFF to $0000 occurs 
0 = Flag cleared when TSR and counter low register 
($19) are accessed 
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Bits 0-4 — Not used 
Always read zero 

Accessing the timer status register satisfies the first 
condition required to clear status bits. The remaining step 
is to access the register corresponding to the status bit. 

A problem can occur when using the timer overflow 
function and reading the free running counter at random 
times to measure an elapsed time. Without incorporating 
the proper precautions into software, the timer overflow 
flag could unintentionally be cleared if: 

1) The timer status register is read or written when 
TOF is set, and 

2) The LSB of the free-running counter is read but not 
for the purpose of servicing the flag. 

The counter alternate register at address $1A and $1B 
contains the same value as the free-running counter (at 
address $18 and $19); therefore, this alternate register 
can be read at any time without affecting the timer ov- 
erflow flag in the timer status register. 

TIMER DURING WAIT MODE 

The CPU clock halts during the WAIT mode, but the 
timer remains active. An interrupt from the timer causes 
the processor to exit the WAIT mode. 

TIMER DURING STOP MODE 

In the STOP mode, the timer stops counting and holds 
the last count value if STOP is exited by an interrupt. If 
reset is used, the counter is forced to $FFFC. During STOP, 
if at least one valid input capture edge occurs at the TCAP 
pin, the input capture detect circuit is armed. This does 
not set any timer flags nor wake up the MCU, but when 
the MCU does wake up, there is an active input capture 
flag and data from the first valid edge that occurred dur- 
ing the STOP mode. If reset is used to exit STOP mode, 
then no input capture flag or data remains, even if a valid 
input capture edge occurred. 



SERIAL COMMUNICATIONS INTERFACE 

A full-duplex asynchronous SCI is provided with a 
standard NRZ format and a variety of baud rates. The SCI 
transmitter and receiver are functionally independent but 
use the same data format and baud rate. The terms baud 



and bit rate are used synonymously in the following de- 
scription. 

SCI TWO-WIRE SYSTEM FEATURES 

• Standard NRZ (mark/space) format 

• Advanced error detection method includes noise de- 
tection for noise duration of up to one-sixteenth bit 
time 

• Full-duplex operation (simultaneous transmit and re- 
ceive) 

• Software programmable for one of 32 different baud 
rates 

• Software selectable word length (eight or nine bit 
words) 

• Separate transmitter and receiver enable bits 

• SCI may be interrupt driven 

• Four separate interrupt conditions 

SCI RECEIVER FEATURES 

• Receiver wake-up function (idle or address bit) 

• Idle line detect 

• Framing error detect 

• Noise detect 

• Overrun detect 

• Receiver data register full flag 

SCI TRANSMITTER FEATURES 

• Transmit data register empty flag 

• Transmit complete flag 

• Break send 

Any SCI two-wire system requires receive data in (RDI) 
and transmit data out (TDO). 

DATA FORMAT 

Receive data in (RDI) or transmit data out (TDO) is the 
serial data which is presented between the internal data 
bus and the output pin (TDO), and between the input pin 
(RDI) and the internal data bus. Data format is as shown 
for the NRZ in Figure 14. 

WAKE-UP FEATURE 

In a typical multiprocessor configuration, the software 
protocol will usually identify the addressee(s) at the be- 
ginning of the message. To permit uninterested MPUs to 
ignore the remainder of the message, a wake-up feature 
is included, whereby all further SCI receiver flag (and 



Control bit "M" 
Selects 8 or 9 bit data 



01 2345678 
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* Stop bit is always high 
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Figure 14. Data Format 
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interrupt) processing can be inhibited until its data line 
returns to the idle state. An SCI receiver is re-enabled by 
an idle string of at least ten (or eleven) consecutive ones. 
Software for the transmitter must provide for the required 
idle string between consecutive messages and prevent 
it from occurring within messages. 

A second wake-up method is available in which sleep- 
ing SCI receivers can be awakened by a logic one in the 
high-order bit of a received character. 

RECEIVE DATA IN 

Receive data in (RDI) is the serial data which is pre- 
sented from the input pin via the SCI to the receive data 
register (RDR). While waiting for a start bit, the receiver 
samples the input at a rate which is 16 times higher than 
the set baud rate. This increased rate is referred to as the 
RT rate. When the input (idle) line is detected low, it is 
tested for three more sample times. If at least two of these 
three samples detect a logic low, a valid start bit is as- 
sumed to be detected. If in two or more samples, a logic 
high is detected, the line is assumed to be idle. The re- 
ceive clock generator is controlled by the baud rate reg- 
ister (see Figure 15); however, the SCI is synchronized 
by the start bit independent of the transmitter. Once a 
valid start bit is detected, the start bit, each data bit, and 
the stop bit are each sampled three times. The value of 
the bit is determined by voting logic which takes the value 
of a majority of samples. A noise flag is set when all three 
samples on a valid start bit, data bit, or stop bit do not 
agree. A noise flag is also set when the start verification 
samples do not agree. 

START BIT DETECTION FOLLOWING A FRAMING ERROR 

If there has been a framing error (FE) without detection 
of a break (10 zeros for 8-bit format or 11 zeros for a 9- 
bit format), the circuit continues to operate as if there 
actually were a stop bit and the start edge will be placed 
artificially. The last bit received in the data shift register 
is inverted to a logic one, and the three logic one start 
qualifiers are forced into the sample shift register during 
the interval when detection of a start bit is anticipated; 
therefore, the start bit will be accepted no sooner than it 
is anticipated. 

If the receiver detects that a break (RDRF = 1, FE = 1, 
receiver data register = $00) produced the framing error, 
the start bit will not be artificially induced, and the re- 
ceiver must actually receive a logic one before start. 

TRANSMIT DATA OUT 

Transmit data out (TDO) is the serial data which is pre- 
sented from the transmit data register (TDR), via the SCI, 
to the output pin. The transmitter generates a bit time by 
using a derivative of the RT clock, producing a transmis- 
sion rate equal to one-sixteenth that of the receiver sam- 
ple clock. 

FUNCTIONAL DESCRIPTION 

A block diagram of the SCI is shown in Figure 15. The 
user has option bits in the serial communications control 
register 1 (SCCR1 ) to determine the SCI wake-up method 
and data word length. Serial communications control 



register 2 (SCCR2) provides control bits which individ- 
ually enable/disable the transmitter or receiver, enable 
system interrupts, and provide wake-up enable, and send 
break code bits. The baud rate register bits allow the user 
to select different baud rates which are used as the rate 
control for the transmitter and receiver. 

Data transmission is initiated by a write to the serial 
communications data register (SCDAT). Provided the 
transmitter is enabled, data stored in the SCDAT is trans- 
ferred to the transmit data shift register. This data transfer 
sets the SCI status register (SCSR) transmit data register 
empty (TDRE) bit and generates an interrupt if the trans- 
mit interrupt is enabled. Data transfer to the transmit data 
shift register is synchronized with the bit rate clock. All 
data is transmitted LSB first. Upon completion of data 
transmission, the transmission complete (TC) bit is set 
(provided no pending data, preamble, or break code is 
sent), and an interrupt is generated if the transmit com- 
plete interrupt is enabled. If the transmitter is disabled, 
and the data, preamble, or break code has been sent, the 
TC bit will also be set. This will also generate an interrupt 
if the TCIE bit is set. If the transmitter is disabled in the 
middle of a transmission, that character will be com- 
pleted before the transmitter gives up control of the TDO 
pin. 

When the SCDAT is read, it contains the last data byte 
received, provided that the receiver is enabled. The SCSR 
receive data register full (RDRF) bit is set to indicate that 
a data byte is transferred from the input serial shift reg- 
ister to the SCDAT, which can cause an interrupt if the 
receiver interrupt is enabled. Data transfer from the input 
serial shift register to the SCDAT is synchronized by the 
receiver bit rate clock. The SCSR overrun (OR), noise flag 
(NF), or FE bits are set if data reception errors occur. 

An idle line interrupt is generated if the idle line inter- 
rupt is enabled and the SCSR IDLE bit (which detects idle 
line transmission) is set. This allows a receiver that is not 
in the wake-up mode to detect the end of a message, the 
preamble of a new message, or to resynchronize with 
the transmitter. A valid character must be received before 
the idle line condition for the IDLE bit to be set and for 
an idle line interrupt to be generated. 

REGISTERS 

There are five registers used in the SCI; the internal 
configuration of these registers is discussed in the fol- 
lowing paragraphs. 

Serial Communications Data Register (SCDAT) $11 

The SCDAT is a read/write register used to receive and 
transmit SCI data. 
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As shown in Figure 15, SCDAT functions as two sep- 
arate registers. The transmit data register (TDR) provides 
the parallel interface from the internal data bus to the 
transmit shift register. The receive data register (RDR) 
provides the interface from the receive shift register to 
the internal data bus. 
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NOTE The Serial Communications Data Register (SCDATI is controlled by the internal R/W signal It is the transmit data register when 
written and receive data register when read 



Figure 15. SCI Block Diagram 
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Serial Communications Control Register 1 (SCCR1) $OE 

TheSCCRI provides control bits which determine word 
length and select the wake-up method. 
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R8 — Receive Data Bit 8 

R8 bit provides storage location for the ninth bit in the 

receive data byte (if M = 1). 
T8 — Transmit Data Bit 8 

T8 bit provides storage location for the ninth bit in the 

transmit data byte (if M = 1 ). 
M — SCI Character Word Length 

1 = one start bit, nine data bits, one stop bit 

0 = one start bit, eight data bits, one stop bit 
WAKE — Wake-Up Select 

Wake bit selects the receiver wake-up method. 

1 = Address bit (most-significant bit) 
0 = Idle line condition 

Bits 0-2, and 5 — Not used 
Can read either one or zero 

The address bit is dependent on both the wake-bit and 
the M-bit level. Additionally, the receiver does not use 
the wake-up feature unless the RWU control bit in SCCR2 
is set. 



Wake 


M 


Receiver Wake-Up 


0 


X 


Detection of an idle line allows the next data 
byte received to cause the receive data reg- 
ister to fill and produce an RDRF flag. 


1 


0 


Detection of a received one in the eighth 
data bit allows an RDRF flag and associated 
error flags. 


1 


1 


Detection of a received one in the ninth data 
bit allows an RDRFflag and associated error 
flags. 



RIE — Receive Interrupt Enable 
1 =SCI interrupt enabled 

0 = RDRF and OR interrupts disabled 
ILIE — Idle Line Interrupt Enable 

1 = SCI interrupt enabled 

0 = Idle interrupt disabled 
TE — Transmit Enable 

1 =Transmit shift register output applied to the TDO 

line. Depending upon the SCCR1 M bit, a pream- 
ble of 10 (M = 0) or 11 (M = 1) consecutive ones is 
transmitted. 

0 = Transmitter disabled after last byte loaded in the 

SCDAT and TDRE set. After last byte is transmit- 
ted, TDO line becomes a high-impedance line. 
RE — Receive Enable 

1 =Receivershiftregisterinputappliedtothe RDI line 
0= Receiver disabled and RDRF, IDLE, OR, NF, and 

FE status bits inhibited 
RWU — Receiver Wake Up 

1 = Places receiver in sleep mode and enables wake- 
up function 

0 = Wake-up function disabled after receiving data 

word with MSB set (if WAKE = 1 ) 
Wake-up function also disabled after receiving 10 
(M = 0) or 1 1 (M = 1 ) consecutive ones (if WAKE = 0) 
SBK — Send Break 

1 =Transmitter continually sends blocks of zeros (sets 

of 10 or 11) until cleared. Upon completion of 
break code, transmitter sends one high bit for rec- 
ognition of valid start bit. 
0 = Transmitter sends 10 (M = 0) or 11 (M = 1) zeros 
then reverts to an idle state or continues sending 
data. If transmitter is empty and idle, setting and 
clearing the SBK bit may queue up to two char- 
acter times of break because the first break trans- 
fers immediately to the shift register and the 
second is queued into the parallel transmit buffer. 



Serial Communications Status Register (SCSR) $10 

The SCSR provides inputs to the SCI interrupt logic 
circuits. Noise flag and framing error bits are also con- 
tained in the SCSR. 



Serial Communications Control Register 2 (SCCR2) $OF 

The SCCR2 provides control of individual SCI functions 
such as interrupts, transmit/receive enabling, receiver 
wake-up, and break code. 
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TIE — Transmit Interrupt Enable 
1 =SCI interrupt enabled 

0 = TDRE interrupt disabled 

TCIE — Transmit Complete Interrupt Enable 

1 = SCI interrupt enabled 
0 = TC interrupt disabled 
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TDRE — Transmit Data Register (TDR) Empty 

1 = TDR contents transferred to the transmit data shift 
register 

0 = TDR still contains data. TDRE is cleared by reading 

the SCSR (with TDRE = 1) followed by a write to 

the TDR. 
TC — Transmit Complete 

1= Indicates end of data frame, preamble, or break 

condition has occurred 
0 = TC bit cleared by reading the SCSR (with TC=1) 

followed by a write to the TDR 
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RDRF — Receive Data Register (RDR) Full 

1 = Receiver data shift register contents transferred 
to the RDR 

0 = Receiver data shift register transfer did not occur. 

RDRF cleared by reading the SCSR (with RDRF= 1 ) 
followed by a read of the RDR 
IDLE — Idle Line Detect 

1 = Indicates receiver has detected an idle line 

0 = IDLE cleared by reading the SCSR (with IDLE = 1) 

followed by a read of the RDR. Once cleared, IDLE 
cannot be set until RDI line becomes active and 
idle again. 
OR — Overrun Error 

1 = Indicates receive data shift register data sent to a 

full RDR (RDRF = 1). Data causing the overrun is 
lost and RDR data is not disturbed. 

0 = OR cleared by reading the SCSR (with OR = 1 ) fol- 

lowed by a read of the RDR 
NF — Noise Flag 

1 = Indicates noise present on the receive bits, in- 

cluding the start and stop bits. NF is not set until 
RDRF = 1 . 

0 = NF cleared by reading the SCSR (with NF= 1) fol- 
lowed by a read of the RDR 
FE — Framing Error 

1= Indicates stop bit not detected in received data 
character. FE is set the same time RDRF is set. If 
received byte causes both framing and overrun 
errors, processor will only recognize the overrun 
error. Further data transfer into the RDR is inhib- 
ited until FE is cleared. 
0 = NF cleared by reading the SCSR (with FE = 1) fol- 
lowed by a read of the RDR 
Bit 0 — Not used 

Can read either one or zero 



Baud Rate Register $0D 

The baud rate register is used to select the SCI trans- 
mitter and receiver baud rate. SCPO and SCP1 prescaler 
bits are used in conjunction with the SCRO through SCR2 
baud rate bits to provide multiple baud rate combinations 
for a given crystal frequency. Bits 3, 6, and 7 always read 
zero. 
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SCPO — SCI Prescaler Bit 0 

SCP1 — SCI Prescaler Bit 1 

Two prescaler bits are used to increase the range of 
standard baud rates controlled by the SCR0-SCR2 
bits. Prescaler internal processor clock division ver- 
sus bit levels are listed in Table 2. 

SCRO — SCI Baud Rate Bit 0 

SCR1 — SCI Baud Rate Bit 1 

SCR2 — SCI Baud Rate Bit 2 

Three baud rate bits are used to select the baud rates 
of the SCI transmitter and SCI receiver. Baud rates 
versus bit levels are listed in Table 3. 

Tables 2 and 3 tabulate the divide chain used to obtain 
the baud rate clock (transmit clock). The actual divider 
chain is controlled by the combined SCP0-SCP1 and SCR0- 
SCR2 bits in the baud rate register. All divided frequencies 
shown in Table 2 represent the final baud rate resulting 
from the internal processor clock division shown in the 
divided by column only (prescaler division only). Table 
3 lists the prescaler output divided by the action of the 
SCI select bits (SCR0-SCR2). For example, assume that a 
9600 Hz baud rate is required with a 2.4576 MHz external 



Table 2. Prescaler Highest Baud Rate Frequency Output 



SCP Bit 


Clock* 
Divided By 


Crystal Frequency MHz 


1 


0 


4.194304 


4.0 


2.4576 


2.0 


1.8432 


0 


0 
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131.072 kHz 


125.000 kHz 




76.80 kHz 


62.50 kHz 


57.60 kHz 


0 


1 


3 


43.691 kHz 


41.666 kHz 




25.60 kHz 


20.833 kHz 


19.20 kHz 


1 


0 


4 


32.768 kHz 


31.250 kHz 




19.20 kHz 


15.625 kHz 


14.40 kHz 


1 


1 


13 


10 082 kHz 


9600 Hz 




5.907 kHz 


4800 Hz 


4430 Hz 



*Refers to the internal processor clock. 

NOTE: The divided frequencies shown in Table 2 represent baud rates which are the highest transmit baud rate (Tx) that can be 
obtained by a specific crystal frequency and only using the prescaler division. Lower baud rates may be obtained by providing 
a further division using the SCI rate select bits as shown below for some representative prescaler outputs. 



Table 3. Transmit Baud Rate Output for a Given Prescaler Output 



SCR Bits 


Divided 
By 


Representative Highest Prescaler Baud Rate Output 
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131.072 kHz 


32.768 kHz 
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19.20 kHz 
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300 Hz 


1 
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0 
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2.048 kHz 


512 Hz 


1200 Hz 


300 Hz 


150 Hz 


1 


1 


1 


128 


1.024 kHz 


256 Hz 


600 Hz 


150 Hz 


75 Hz 



NOTE. Table 3 illustrates how the SCI select bits can be used to provide lower transmitter baud rates by further dividing the prescaler 
output frequency. The five examples are only representative samples. In all cases, the baud rates shown are transmit baud 
rates (transmit clock) and the receive clock is 16 times higher in frequency than the actual baud rate. 
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crystal. In this case, the prescaler bits (SCP0-SCP1) could 
be configured as a divide-by-one or a divide-by-four. If a 
divide-by-four prescaler is used, then the SCR0-SCR2 bits 
must be configured as a divide-by-two. Using the same 
crystal, the 9600 baud rate can be obtained with a pres- 
caler divide-by-one and the SCR0-SCR2 bits configured 
for a divide-by-eight. 



Master In, Slave Out 

The master in, slave out (MISO) line is configured as 
an input in a master device and as an output in a slave 
device. The MISO is one of two lines that transfer serial 
data in one direction with the most-significant bit sent 
first. The MISO line of a slave device is placed in a high- 
impedance state if slave is not selected (SS = 1 ). 



SERIAL PERIPHERAL INTERFACE 

The serial peripheral interface (SPI) is an interface built 
into the MCU which allows several MCUs or MCUs plus 
peripherals to be interconnected within the same black 
box. In the SPI format, the clock is not included in the 
data stream and must be furnished as a separate signal. 
An SPI system may consist of one master MCU and sev- 
eral slaves (Figure 16) or MCUs that can be either masters 
or slaves. 

Features: 

• Full-duplex, three-wire synchronous transfers 

• Master or slave operation 

• 1.05 MHz (maximum) master bit frequency 

• 2.1 MHz (maximum) slave bit frequency 

• Four programamble master bit rates 

• Programmable clock polarity and phase 

• End-of-transmission interrupt flag 

• Write collision flag protection 

• Master-master mode fault protection capability 

SIGNAL DESCRIPTION 

The four basic signals (MOSI, MISO, SCK, and SS) are 
described in the following paragraphs. Each signal func- 
tion is described for both master and slave mode. 

Master Out, Slave In 

The master out, slave in (MOSI) line is configured as 
an output in a master device and as an input in a slave 
device. The MOSI line is one of two lines that transfer 
serial data in one direction with the most significant bit 
sent first. 
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Serial Clock 

The serial clock (SCK) is used to synchronize both data 
in and out of a device via the MOSI and MISO lines. The 
master and slave devices can exchange a byte of infor- 
mation during a sequence of eight clock cycles. Since 
SCK is generated by the master device, this line becomes 
an input on a slave device. 

As shown in Figure 17, four possible timing relation- 
ships may be chosen by using control bits CPOL and 
CPHA in the serial peripheral control register (SPCR). Both 
master and slave devices must operate with the same 
timing. 

Two bits (SPRO and SPR1) in the SPCR of the master 
device select the clock rate. In a slave device, SPRO and 
SPR1 have no effect on SPI operation. 

Slave Select 

The slave select (SS) input line selects a slave device. 
The SS line must be low prior to data transactions and 
must stay low for the duration of the transaction. The SS 
line on the master must be tied high; if the SS line goes 
low, a mode fault error flag (MODF) is set in the serial 
peripheral status register (SPSR). 

When CPHA = 0, the shift clock is the OR of SS with 
SCK. In this clock phase mode, SS must go high between 
successive characters in an SPI message. When CPHA= 1, 
SS must go high between successive characters in an 
SPI message. When CPHA=1, SS may be left low for 
several SPI characters. In cases where there is only one 
SPI slave MCU, the slave MCU SS line could be tied to 
Vss as l° n 9 as CPHA = 1 clock modes are used. 
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Figure 16. Master-Slave System Configuration 
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Figure 17. Data Clock Timing Diagram 




FUNCTIONAL DESCRIPTION 

A block diagram of the SPI is shown in Figure 18. In a 
master configuration, the CPU sends a signal to the mas- 
ter start logic, which originates an SPI clock (SCK) based 
on the internal processor clock. As a master device, data 
is parallel loaded into the 8-bit shift register from the 
internal bus during a write cycle and then serially shifted 
via the MOSI pin to the slave devices. During a read cycle, 
data is applied serially from a slave device via the MISO 
pin to the 8-bit shift register. Data is then parallel trans- 
ferred to the read buffer and made available to the in- 
ternal data bus during a CPU read cycle. 

In a slave configuration, the slave start logic receives 
a logic low at the SS pin and a clock input at the SCK 
pin. This synchronizes the slave with the master. Data 



from the master is received serially at the slave MOSI pin 
and shifted into the 8-bit shift register for a parallel trans- 
fer to the read buffer. During a write cycle, data is parallel 
loaded into the 8-bit shift register from the internal data 
bus, awaiting the clocks from the master to shift out se- 
rially to the MISO pin and then to the master device. 

Figure 19 illustrates the MOSI, MISO, SCK, and SS 
master-slave interconnections. 

REGISTERS 

There are three registers in the SPI that provide control, 
status, and data storage functions. These registers, the 
serial peripheral control register (SPCR), serial peripheral 
status register (SPSR), and serial peripheral data I/O reg- 
ister (SPDR), are described in the following paragraphs. 
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Figure 18. SPI Block Diagram 
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Figure 19. SPI Master-Slave Interconnections 



Serial Peripheral Control Register (SPCR) $0A 

The SPCR provides control of individual SPI functions 
such as interrupt and system enabling/disabling, master/ 
slave mode select, and clock polarity/phase/rate select. 
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SPIE — Serial Peripheral Interrupt Enable 
1 = SPI interrupt enabled 

0 = SPI interrupt disabled 

SPE — Serial Peripheral System Enable 

1 = SPI system on 

0 = SPI system off 
MSTR — Master Mode Select 

1 = Master mode 

0 = Slave mode 
CPOL — Clock Polarity 

Clock polarity bit controls the clock value and is used 
in conjunction with the clock phase (CPHA) bit 

1 =SCK line idles high 

0 = SCK line idles in low state 
CPHA — Clock Phase 

Clock phase bit along with CPOL controls the clock- 
data relationship between the master and slave de- 
vices. CPOL selects one of two clocking protocols. 

1 = SS is an output enable control. 

0 = Shift clock is the OR of SCK with SS. 

When SS is low, first edge of SCK invokes first 
data sample. 

SPRO, SPR1 — SPI Clock Rate Bits 

Two clock rate bits are used to select one of four 
clock rates to be used as SCK in the master mode. If 
in the slave mode, the two clock rate bits have no 
effect. Clock rate selection is shown in the following 
table. 

Bit 5 — Not used 

Can read either one or zero 
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Serial Peripheral Status Register (SPSR) SOB 

The SPSR contains three status bits. 
7 6 5 4 3 2 1 



SPIF 


WCOL 




| MODF 










RESET 
0 


0 




0 











SPIF — Serial Peripheral Data Transfer Flag 

1 = Indicates data transfer completed between pro- 
cessor and external device 
(If SPIF = 1 and SPIE = 1, SPI interrupt is ena- 
bled.) 

0 = Clearing accomplished by reading SPSR (with 

SPIF = 1) followed by SPDR access 
WCOL — Write Collision 

1 = Indicates an attempt made to write to SPDR 

while data transfer is in process 

0 = Clearing accomplished by reading SPSR (with 

WCOL = 1) followed by SPDR access 
MODF — Mode Fault Flag 

1 = Indicates multi-master system control conflict 
0 = Clearing accomplished by reading SPSR (with 

MODF=1) followed by a write to the SPCR 
Bits 0-3, and 5 — Not used 
Can read either zero or one 

Serial Peripheral Data I/O Register (SPDR) $0C 

The SPDR is a read/write register used to receive and 
transmit SPI data. 



7 


6 


5 


4 


3 


2 


1 


0 


SPD7 


SPD6 


SPD5 


SPD4 


SPD3 


SPD2 


SPD1 


SPDO 



RESET 

UUUUUUUU 
A write to the SPDR places data directly into the shift 
register for transmission. Only a write to this register will 
initiate transmission/reception of another byte and will 
only occur in the master device. On completion of byte 
transmission, the SPIF status bit is set in both master and 
slave devices. 

A read to the SPDR causes the buffer to be read. The 
first SPIF status bit must be cleared by the time a second 
data transfer from the shift register to the read buffer 
begins, or an overrun condition will exist. In overrun cases, 
the byte causing the overrun is lost. 
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INSTRUCTION SET 

The MCU has a set of 62 basic instructions. They can 
be divided into five different types: register/memory, read- 
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 

This MCU uses all the instructions available in the 
M146805 CMOS Family plus one more: the unsigned 
multiply (MUL) instruction. This instruction allows un- 
signed multiplication of the contents of the accumulator 
(A) and the index register (X). The high-order product is 
then stored in the index register, and the low-order prod- 
uct is stored in the accumulator. A detailed definition of 
the MUL instruction is shown below. 




Operation 



Description 



Condition 
Codes 



Source 



Form(s) 



X:A X*A 



Multiplies the eight bits in the index register 
by the eight bits in the accumulator to obtain 
a 16-bit unsigned number in the concatenated 
accumulator and index register 



H: Cleared 
I: Not affected 
N: Not affected 
Z: Not affected 
C: Cleared 



MUL 



Addressing 
Mode 
Inherent 



Cycles 
11 



Bytes 
1 



Opcode 
$42 



REGISTER/MEMORY INSTRUCTIONS 

Most of these instructions use two operands. One op- 
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 
jump to subroutine (JSR) instructions have no register 
operand. Refer to the following instruction list. 



Function 


Mnemonic 


Load A from Memory 


LDA 


Load X from Memory 


LDX 


Store A in Memory 


STA 


Store X in Memory 


STX 


Add Memory to A 


ADD 


Add Memory and Carry to A 


ADC 


Subtract Memory 


SUB 


Subtract Memory from A with Borrow 


SBC 


AND Memory to A 


AND 


OR Memory with A 


ORA 


Exclusive OR Memory with A 


EOR 


Arithmetic Compare A with Memory 


CMP 


Arithmetic Compare X with Memory 


CPX 


Bit Test Memory with A (Logical Compare) 


BIT 


Jump Unconditional 


JMP 


Jump to Subroutine 


JSR 



READ-MODIFY-WRITE INSTRUCTIONS 

These instructions read a memory location or a reg- 
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 



Function 


Mnemonic 


IncxGmBnt 


INC 


Decrement 


DEC 


Clear 


CLR 


Complement 


COM 


Negate (2's Complement) 


NEG 


Rotate Left Thru Carry 


ROL 


Rotate Right Thru Carry 


ROR 


Logical Shift Left 


LSL 


Logical Shift Right 


LSR 


Arithmetic Shift Right 


ASR 


Test for Negative or Zero 


TST 


Multiply 


MUL 



BRANCH INSTRUCTIONS 

This set of instructions branches if a particular condi- 
tion is met; otherwise, no operation is performed. Branch 
instructions are two-byte instructions. Refer to the fol- 
lowing list for branch instructions. 



Function 


Mnemonic 


Branch Always 


BRA 


Branch Never 


BRN 


Branch if Higher 


BHI 


Branch if Lower or Same 


BLS 


Branch if Carry Clear 


BCC 


Branch if Higher or Same 


BHS 


Branch if Carry Set 


BCS 


Branch if Lower 


BLO 


Branch if Not Equal 


BNE 


Branch if Equal 


BEQ 


Branch if Half Carry Clear 


BHCC 


Branch if Half Carry Set 


BHCS 


Branch if Plus 


BPL 


Branch if Minus 


BMI 


Branch if Interrupt Mask Bit is Clear 


BMC 


Branch if Interrupt Mask Bit is Set 


BMS 


Branch if Interrupt Line is Low 


BIL 


Branch if Interrupt Line is High 


BIH 


Branch to Subroutine 


BSR 
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BIT MANIPULATION INSTRUCTIONS 

The MCU is capable of setting or clearing any writable 
bit which resides in the first 256 bytes of the memory 
space where all port registers, port DDRs, timer, timer 
control, ROM, and on-chip RAM reside. An additional 
feature allows the software to test and branch on the state 
of any bit within these 256 locations. The bit set, bit clear 
and bit test, and branch functions are all implemented 
with a single instruction. For test and branch instructions, 
the value of the bit tested is also placed in the carry bit 
of the condition code register. Refer to the following list 
for bit manipulation instructions. 



Function 


Mnemonic 


Branch if Bit n is Set 


BRSETn(n = 0...7) 


Branch if Bit n is Clear 


BRCLRn(n = 0...7) 


Set Bit n 


BSETn (n = 0...7) 


Clear Bit n 


BCLRn(n = 0...7) 



CONTROL INSTRUCTIONS 

These instructions are register reference instructions 
and are used to control processor operation during pro- 
gram execution. Refer to the following list for control 
instructions. 



Function 


Mnemonic 


Transfer A to X 


TAX 


Transfer X to A 


TXA 


Set Carry Bit 


SEC 


Clear Carry Bit 


CLC 


Set Interrupt Mask Bit 


SEI 


Clear Interrupt Mask Bit 


CLI 


Software Interrupt 


SWI 


Return from Subroutine 


RTS 


Return from Interrupt 


RTI 


Reset Stack Pointer 


RSP 


No-Operation 


NOP 


Stop 


STOP 


Wait 


WAIT 



OPCODE MAP SUMMARY 

Table 4 is an opcode map for the instructions used on 
the MCU. 



ADDRESSING MODES 

The MCU uses ten different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code con- 
version tables, and scaling tables anywhere in the mem- 
ory space. Short indexed accesses are single byte 
instructions; the longest instructions (three bytes) permit 



accessing tables throughout memory. Short and long ab- 
solute addressing is also included. One- or two-byte di- 
rect addressing instructions access all data bytes in most 
applications. Extended addressing permits jump instruc- 
tions to reach all memory. 

The term "effective address" (EA) is used in describing 
the various addressing modes. Effective address is de- 
fined as the address from which the argument for an 
instruction is fetched or stored. 

IMMEDIATE 

In the immediate addressing mode, the operand is con- 
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize a loop counter). 

DIRECT 

In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 

EXTENDED 

In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. When using 
the Motorola assembler, the user need not specify whether 
an instruction uses direct or extended addressing. The 
assembler automatically selects the shortest form of the 
instruction. 

RELATIVE 

The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8- 
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from -126 to +129 from 
the opcode address. The programmer need not calculate 
the offset when using the Motorola assembler, since it 
calculates the proper offset and checks to see that it is 
within the span of the branch. 

INDEXED, NO OFFSET 

In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. This addressing mode can access the first 256 
memory locations. These instructions are only one byte 
long. This mode is often used to move a pointer through 
a table or to hold the address of a frequently referenced 
RAM or I/O location. 

INDEXED, 8-BIT OFFSET 

In the indexed, 8-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
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Table 4. Opcode Map 





Bit Manipulation 


Branch 


Raad/Modrfy/Wrrte 


Control 


Ragiatar/ Mamory 




_BTJL_ 


B|C 


*fl 


DIR 


INJH 






IX 


INH 


INH 


IMM 


DIR 


-*¥- 


1X2 


_JXJ_ 










2 

0010 


3 









7 


8 

1000 


9 

1001 


A 

1010 


B 

1011 


1100 


b 

1101 


1110 


1111 


H' ^ 


0 

aso 


5 

BRSETO 


r 

BSETO 

j asc- 


r 

BRA 

2 RFl 


NEG 


NEGA 


3 

NEGX 


NEG 


4 

NEG 


i 

RTI 




r 

SUB 


r 

SUB 


SUB 


b 

SUB 


—r 

SUB 


r 

SUB 


0 

0000 


i 

OOP' 


5 

BRCLRO 


BCLRO 

? BSC 


3 

BRN 

2 REL 












6 

RTS 




1 

CMP 


3 

CMP 


CMP 


5 

CMP 


CMP 


3 

CMP 


1 

0001 


2 

0010 


BRSET1 


BSET1 


3 

BHI 

2 REL 




MUL 












2 

SBC 


3 

SBC 


SBC 


5 

SBC 


SBC 


3 

SBC 


2 
0010 


3 
0011 


3 BT| 
BRCLR1 


BCLRt 


3 

BLS 
2 REL 


5 

COM 


3 

COMA 


3 

COMX 


6 

COM 

2 1X1 


5 

COM 


10 

SWI 




2 

CPX 


3 

cpx 


CPX 


5 

CPX 

- — 


CPX 

_2 1X1_ 


3 

CPX 


3 

0011 


4 

0100 


3 BT| 
BRSET2 


BSET2 
2 BSC 


3 

BCC 

2 REL 


5 

LSR 

2 DTR 


3 

LSRA 


3 

\ LSR: 1nh 


6 

LSR 

2 1X1 


5 

LSR 






2 

AND 
2 IMM 


3 

AND 


AND 


AND 

J BJ. 


AND 

2 'xi 


3 

AND 


4 

0100 


5 
0101 


3 BTB^ 

8RCLR2 
3 BTj 


BCLR2 

1 BSC 


3 

BCS 
2 REL 
















2 

BIT 


3 

BIT 


BIT 
_2 ExT 


BIT 

3 1X2 


BIT 

_2 lAL 


3 

BIT 

1 IX 


5 

0101 


6 

0110 


BRSET3" 


BSET3 


3 

BNE 
2 REL 


6 

ROR 


3 

RORA 


3 

RORX 


6 

ROR 

2 1X1 


5 

ROR 






2 

LDA 


3 

LDA 


LDA " 


5 

LDA 

- — H 


LDA 

2 IX1 


3 

LDA 


6 

0110 


7 

0111 


3 BT| 
BRCLR3 

3 BTB 


5 

BCLR3 

2 BSC 


3 

BEQ 
2 REL 


5 

ASR 

2 DIR 


3 

ASRA 


3 

ASRX 

1 INH 


6 

ASR 

2 1X1 


5 

ASR 




2 

TAX 




STA 

2 DIR 


STA 

3 EXT 


STA 

3 1X2 


STA 
2 IX1 


4 

STA 

1 IX 


7 
0111 


1000 


1U t 

BRSET4 
3 BTB 


r — 

BSET4 

2 BSC 


3 

2 REL 


5 

LSL 
2 DIR 


3 

LSLA 

1 INH 


3 

LSLX 


6 

LSL 

2 1X1 


5 

LSL 




2 

CLC 

1 INH 


2 

EOR 

2 IMM 


3 

EOR 

2 DIR 


EOR 

3 EXT 


5 

EOR 


EOR 

2 IX1 


3 

EOR 

1 IX 


1000 


9 
1X1 


BRCLR4 


S 

BCLR4 

2 BSC 


BHCS 
2 REL 


ROL 

2 DIR 


3 

ROLA 

1 INH 


3 

ROLX 

1 INH 


6 

ROL 

2 1X1 


5 

ROL 

1 IX 




2 

SEC 

1 INH 


2 

ADC 

2 IMM 


3 

ADC 

2 DIR 


ADC 

3 EXT 


3 ixg 
ADC 

" 3 1X2 


ADC 

2 IX1 


3 

ADC 

1 IX 


9 

1001 


A 

1010 


3 BT| 
BRSET5 


BSET5 

1 BSC 


3 

BPL 
2 REL 


5 

DEC 

2 DIR 


3 

OECA 


3 

DECX 

1 INH 


6 

DEC 

2 1X1 


5 

DEC 




2 

CLI 


2 

ORA 

2 IMM 


3 

ORA 

2 DIR 


ORA 

3 EXT 


5 

ORA 

3 1X2 


ORA 

2 1X1 


3 

ORA 

1 IX 


A 

1010 


B 

1011 


3 BT| 

BRCLR5 


s 

BCLR5 


3 

8MI 














2 

SEI 

1 INH 


2 

ADD 

2 IMM 


3 

ADD 

2 DIR 


ADD 

3 EXT 


5 

ADD 

3 1X2 


ADD 

2 1X1 


3 

ADD 


B 

1011 


C 

1100 


3 BT^ 
BRSET6 


^— ^ 

BSET6 
J Si?. 


j — ^ 

BMC 


5 

INC 

2 DIR 


3 

INCA 

1 INH 


3 

INCX 

1 INH 


6 

INC 
2 ixl 


5 

INC 

1 IX 




2 

RSP 

1 INH 




2 

JMP 

2 DIR 


JMP 

3 EXT 


4 

JMP 

3 1X2 


JMP 

2 1X1 


2 

JMP 

1 IX 


c 

1100 


0 

1101 


3 BT| 

BRCLR6 

3 BTB 


BCLR6 
2 BSC 


J RE^ 

BMS 

2 RFl 


TST 

2 DIR 


3 

TSTA 

1 INH 


3 

TSTX 
1 INH 


5 

TST 
2 ixl 


4 

TST 




2 

NOP 

1 INH 


6 

BSR 

2 REL 


5 

JSR 

2 DIR 


JSR 
3 EXT 


7 

JSR 

3 1X2 


JSR 
2 1X1 


5 

JSR 

1 IX 


D 
1101 


E 

1110 


BRSET7 


5 

BSET7 


3 

BIL 

2 REL 












2 

STOP 




2 

LDX 
2 IMM 


3 

LDX 
2 DIR 


LDX 

3 EXT 


5 

LDX 
~ 


LDX 

2 1X1 


3 

LDX 


E 
1110 


F 
1111 


3 BT| 

BRCLR7 
3 BTB 


BCLR7 

2 BSC 


3 

BIH 

2 REL 


5 

CLR 

2 DIR 


3 

CLRA 

1 INH 


3 

CLRX 
1 INH 


6 

CLR 
2 ixl 


5 

CLR 

1 IX 


2 

WAIT 

1 INH 


2 

TXA 

1 INH 




4 

STX 

2 DIR 


STX 

3 EXT 


STX 

3 1X2 


STX 

2 1X1 


4 

STX 

1 IX 


F 

mi 



2 
o 

o> 

00 
X 

o 

00 

o 

Ul 

2 
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LEGEND 



INH 


Inherent 


A 


Accumulator 


X 


Index Register 


IMM 


Immediate 


DIR 


Direct 


EXT 


Extended 


REL 


Relative 


BSC 


Bit Set/ Clear 


BTB 


Bit Test and Branch 


IX 


Indexed (No Offsetl 


1X1 


Indexed. 1 Byte (8-Bitl Offset 


1X2 


Indexed. 2 Byte (16-Bit) Offset 




Cycles 



Opcode in Hexadecimal 
Opcode in Binary 

Address Mode 



MC68HC805C4 



opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address- 
able locations and could extend as far as location 510 
($1FE is the last location at which the instruction may 
begin). 

INDEXED, 16-BIT OFFSET 

In the indexed, 16-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 
the opcode. This address mode can be used in a manner 
similar to indexed, 8-bit offset except that this three-byte 
instruction allows tables to be anywhere in memory. As 
with direct and extended addressing, the Motorola as- 
sembler determines the shortest form of indexed ad- 
dressing. 

BIT SET/CLEAR 

In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode, and the byte following 
the opcode specifies the direct addressing of the byte in 
which the specified bit is to be set or cleared. Any read/ 
write bit in the first 256 locations of memory, including 



I/O, can be selectively set or cleared with a single two- 
byte instruction. 

BIT TEST AND BRANCH 

The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 
bit that is to be tested and its condition (set or clear), is 
included in the opcode. The address of the byte to be 
tested is in the single byte immediately following the 
opcode byte. The signed relative 8-bit offset in the third 
byte is added to the PC if the specified bit is set or cleared 
in the specified memory location. This single three-byte 
instruction allows the program to branch based on the 
condition of any readable bit in the first 256 locations of 
memory. The span of branching is from - 125 to + 130 
from the opcode address. The state of the tested bit is 
also transferred to the carry bit of the condition code 
register. 

INHERENT 

In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in- 
structions are one byte long. 




ELECTRICAL SPECIFICATIONS 



MAXIMUM RATINGS (Voltages referenced to Vss) 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


vdd 


-0.3 to +7.0 


V 


Input Voltage 


Vin 


V S s -0.3 to 

v D d +o.3 


V 


Self-Check Mode (IRQ Pin Only) 


Vin 


Vss -0.3 to 

2 x vdd +0-3 


V 


Current Drain Per Pin Excluding 

Vdd and v ss 


I 


25 


mA 


Operating Temperature Range 
MC68HC805C4 (Standard) 
MC68HC805C4 (Extended) 


T A 


T L to T H 
Oto +70 
-40 to +85 


°C 


Storage Temperature Range 


Tstq 


-65 to +150 


°C 


Programming Voltage 


Vp P 


v D d -o.3 

to 20 


v 



This device contains circuitry to protect the in- 
puts against damage due to high static voltages 
or electric fields; however, it is advised that nor- 
mal precautions be taken to avoid application of 
any voltage higher than maximum-rated voltages 
to this high-impedance circuit. For proper oper- 
ation, it is recommended that Vj n and V ou t be 
constrained to the range Vss s (Vin or V 0 ut) e 
Vdd- Reliability of operation is enhanced if un- 
used inputs are connected to an appropriate logic 
voltage level (e.g., either Vss or Vdd)- 



THERMAL CHARACTERISTICS 



Characteristic 


Symbol 


Value 


Unit 


Thermal Resistance 


9ja 




°C/W 


Plastic 


60 




Plastic Leaded Chip Carrier (PLCC) 




70 
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V DD = 4.5 V 




Pins 


R1 


R2 


c 


PA0-PA7, 
PB0-PB7, 
PC0-PC7, 
PD1-PD4 


3.26 kfl 


2.38 kn 


50 pF 


PDO, PD5, PD7 


1.9 kn 


2.26 kn 


200 pF 


V DD = 3.0V 


Pins 


R1 


R2 


C 


PAO-PA7, 
PB0-PB7, 
PC0-PC7, 
PD1-PD4 


10.91 kfl 


6.32 kn 


50 pF 


PDO, PD5, PD7 


6 kn 


6 kn 


200 pF 



VDD 



Test 
Point 



C 
(See 
Tablel 



r 

T 



R2 

(See Table) 



R1 

■ (See Table) 



Figure 20. Equivalent Test Load 



POWER CONSIDERATIONS 

The average chip-junction temperature, Tj, in °C can 
be obtained from: 

Tj = T A + <P D -0JA> (D 

where: 

= Ambient Temperature, °C 
e JA = Package Thermal Resistance, 
Junction-to-Ambient, °C/W 
PD =P|NT+ p l/0 

P|NT = 'CC x ^CC- Watts — Chip Internal Power 
P|/0 = Power Dissipation on Input and Output 
Pins — User Determined 



For most applications P|/o < P|NT anc ' can be neglected. 

The following is an approximate relationship between 
Pq and Tj (if P|/q is neglected): 

P D = K-(Tj + 273°C) (2) 

Solving equations (1) and (2) for K gives: 

K = P D .(T A + 273°C) + ej A -PD 2 (3) 
where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring Pq 
(at equilibrium) for a known T A . Using this value of K, 
the values of Pq and Tj can be obtained by solving equa- 
tions (1) and (2) iteratively for any value of T A . 
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DC ELECTRICAL CHARACTERISTICS 

( V DD = 5 0 Vdc± 10%, Vss = 0 Vdc, Ta = T|_ to Th, unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Output Voltage, iLoad^ 10 - 0 ^A 


vol 
voh 


Vdd-o.1 




0.1 


V 


Output High Voltage 

''Load — u, ° mA) rAU-rA/, rtJU-rH/, rLU-rO/, I Lrvlr (see rig u re Z\ i 
('Load = 1 - 6 mA) PD1-PD4 (see Figure 22) 


V 0 H 


VdD - 0-8 
VdD-0.8 






V 


Output Low Voltage (see Figure 23) 
('Load = 1-6 mA) PA0-PA7, PB0-PB7, PC0-PC7, PD1-PD4, TCMP 


vol 






0.4 


V 


Input High Voltage 
PA0-PA7, PB0-PB7, PC0-PC7, PD0-PD5, PD7, TCAP, IRQ, 
RESET, OSC1 


V|H 


0.7xVdd 


- 


Vdd 


V 


Input Low Voltage 
PA0-PA7, PB0-PB7, PC0-PC7, PD0-PD5, PD7, TCAP, IRQ, 
RESET, OSC1 


V|L 


vss 


- 


0.2xV D D 


V 


Data Retention Mode (0° to 70°C) 


Vrm 


2.0 






V 


Supply Current (see Notes) 
Run (see Figures 24 and 25) 
Wait (see Figures 24 and 25) 
Stop (see Figure 25) 
25°C 

0° to 70°C (Standard) 
-40° to + 85°C 


Idd 


- 


4.5 
1.9 

20 


80 
4.3 

50 
140 
180 


mA 
mA 

M-A 
jiA 

(.A 


I/O Ports Hi-Z Leakage Current 
PA0-PA7, PB0-PB7, PC0-PC7, PD1-PD4 


IlL 






±10 


|xA 


Input Current 
RESET, IRQ, TCAP, OSC1, PDO, PD5, PD7 


■in 






±1 


[lA 


Capacitance 
Ports (as Input or Output) 
RESET, IRQ, TCAP, PD0-PD5, PD7 


Cout 






12 
8 


pF 



NOTES: 

1. All values shown reflect average measurements. 

2. Typical values at midpoint of voltage range, 25°C only. 

3. Wait Idd : Only timer system active (SPE = TE = RE = 0). If SPI, SCI active (SPE = TE = RE = 1) add 10% current draw. 

4. Run (Operating) Idd< Wait Idd : Measured using external square wave clock source (f 0 sc = 4-2 MHz), all inputs 0.2 V from rail; 
no dc loads, less than 50 pF on all outputs, C|_ = 20 pF on OSC2. 

5. Wait, Stop Idd: All ports configured as inputs, V||_ = 0.2 V, V|h=Vdd -0 - 2 V. 

6. Stop Idd measured with OSC1 =V$s- 

7. Standard temperature range is 0°to 70°C. An extended temperature ( -40° to +85°C) version and a 25°C only version are available. 

8. Wait Idd is affected linearly by the OSC2 capacitance. 
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DC ELECTRICAL CHARACTERISTICS 

(Vdd = 3.3 Vdc±10%, Vss = 0 Vdc, T/\ = Tl to T|-|, unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Output Voltage, l|_ oac j=s 1 0.0 p.A 


vol 


Vprj-0.1 




0.1 


V 


Output High Voltage 
('Load = 0.2 mA) PA0-PA7, PB0-PB7, PC0-PC7, TCMP (see Figure 21 ) 
('Load = m A) PD1-PD4 (see Figure 22) 


V 0 H 


Vqd-0.3 
Vrjrj-0.3 


— 


— 


V 


Oiitnut 1 nw Vnltanp Iqpp Finiirp 

dLoad = 0.4 mA) PA0-PA7, PB0-PB7, PC0-PC7, PD1-PD4, TCMP 


»rjL 






0.3 


v 


Input High Voltage 

PA0-PA7, PB0-PB7, PC0-PC7, PD0-PD5, PD7, TCAP, IRQ, 
RESET, 0SC1 


V|H 


0.7xV DD 




VDD 


V 


Input Low Voltage 
PA0-PA7, PB0-PB7, PC0-PC7, PD0-PD5, PD7, TCAP, IRQ, 
RESET, OSC1 


V|L 


vss 




0.2xV DD 


V 


Data Retention Mode (0° to 70°C) 


Vrm 


2.0 






V 


Supply Current (see Notes) 
Run (see Figures 24 and 26) 
Wait (see Figures 24 and 26) 
Stop (see Figure 26) 
25°C 

0° to 70°C (Standard) 
-40° to + 85°C 


>OD 


_ 
— 


1.0 
0.5 

1.0 


2.5 
1.4 

30 
80 
120 


mA 
mA 

yA 

p.A 


I/O Ports Hi-Z Leakage Current 
PA0-PA7, PB0-PB7, PC0-PC7, PD1-PD4 


l|L 






±10 


(i.A 


Input Current 
RESET, IRQ, TCAP, 0SC1, PD0, PD5, PD7 


■in 






±1 


(i.A 


Capacitance 
Ports (as Input or Output) 
RESET, IRQ, TCAP, PD0-PD5, PD7 


Cout 
C in 






12 
8 


PF 



NOTES: 

1. All values shown reflect average measurements. 

2. Typical values at midpoint of voltage range, 25°C only. 

3. Wait Idd: Only timer system active (SPE = TE = RE = 0). If SPI, SCI active (SPE = TE = RE = 1) add 10% current draw. 

4. Run (Operating) Wait Iqd : Measured using external square wave clock source (f 0 sc = 4 - 2 MHz), all inputs 0.2 V from rail; 
no dc loads, less than 50 pF on all outputs, Cl = 20 pF on OSC2. 

5. Wait, Stop Irjo: All ports configured as inputs, V||_ = 0.2 V, V|h=Vdd~0.2 V. 

6. Stop Idd measured with OSC1 =Vss- 

7. Standard temperature range is 0° to 70°C. An extended temperature ( -40° to +85°C) version and a 25°C only version are available. 

8. Wait Idd is affected linearly by the OSC2 capacitance. 



PROGRAMMING OPERATION ELECTRICAL CHARACTERISTICS 

(V DD = 5.0 Vdc ±0.5 Vdc%, Vss = 0 Vdc) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Programming Voltage/Erase Voltage 


Vpp 


18.5 


19 


19.5 


V 


Vpp Supply Current 

vpp=Vdd 

Vpp = Programming Voltage 


Ipp 




1 

TBD 


10 
TBD 


|iA 

(1.A 



NOTE: 

Vpp should always be connected to Vdd except during programming/erasing. 
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6 0 




v dd -Voh (Volts) vql (Volts) 



Figure 22. Typical Vqh vs Iqh f° r PD1-PD4 Figure 23. Typical Vql vs Iql for all Ports 
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3 




°H 1 1 1 1 0 H 1 1 1 

0 05 10 15 20 0 05 10 15 20 



- Internal Frequency 1/tcycle (MHz) Internal Frequency 1/tcycle (MHz) 



Figure 24. Typical Current vs Internal Frequency for Run and Wait Modes 
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50- 





± 10% 




17 0 mA) / 




















f/ 




(4 0 mA) S 




V 
















StOplQQ 


114 


0^A,0°-70°C) 









0 5 10 15 

Internal Frequency (MHz) 



Figure 25. Maximum Iqd vs Frequency for Vdd = 5.0 Vdc 



V DD =33 


V±10% 


























(1 4 mAI 














St 


op Idd 


(80 iiA. 0 


°-70°CI 






: 






02 04 06 08 10 

Internal Frequency (MHz) 



Figure 26. Maximum Iqd vs Frequency for Vdd = 3-3 Vdc 
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CONTROL TIMING 

(Vdd = 5.0 Vdc±10%, V S s = 0 Vdc, T A = T|_ to T H ) 




Characteristic 


Symbol 


Min 


Max 


Unit 


Frequency of Operation 
Crystsl Option 
External Clock Option 


fosc 


dc 


4 2 
4.2 


MHz 


Internal Operating Frequency 
Crystal (f osc - 2) 
External Clock (f osc -2) 


f op 


dc 


2.1 
2.1 


MHz 


Cycle Time (see Figure 30) 


'eye 


480 




ns 


Crystal Oscillator Startup Time (see Figure 30) 


toxov 




100 


ms 


Stop Recovery Startup Time (Crystal Oscillator) (see Figure 27) 


l ILCH 




100 


ms 


RFSFT Pnkp Wirith (cpp Finiirp "3nl 
ntuLi ruisc vviulii \scc riyuic ju/ 


tr>i 

tRL 


1 .5 




t 

tcyc 


Timer 
Resolution** 

Input Capture Pulse Width (see Figure 28) 
Input Capture Pulse Period (see Figure 28) 


tRESL 
»TH. tTL 
tTLTL 


4.0 
125 




tcyc 
ns 

*cyc 


Interrupt Pulse Width Low (Edge-Triggered) (see Figure 30) 


tlLIH 


125 




ns 


Interrupt Pulse Period (see Figure 30) 


tlUL 






tcyc 


OSC1 Pulse Width 


tOH. tQL 


90 




ns 



*The minimum period t||_H_ should not be less than the number of cycle times it takes to execute the interrupt service routine plus 
21 *cyc- 

**Since a 2-bit prescaler in the timer must count four internal cycles (t C y C ), this is the limiting minimum factor in determining the 
timer resolution. 

**The minimum period tjLj|_ should not be less than the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 t C y C . 



0SC1 1 



-^zzzzzzzzzzzzzt 
















— tILCH > 


< 4064<t cyc > 





r^JV~Lr~L_r~LrL_r 




NOTES 

1 Represents the internal gating of the OSC1 pin 

2 IRQ pin edge-sensitive mask option 

3 IRQ pin level and edge-sensitive mask option 

4 RESET vector address shown tor timing example 



RESET or Interrupt 
Vector Fetch 



Figure 27. Stop Recovery Timing Diagram 
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CONTROL TIMING 

(V DD = 3.3 Vdc ± 1 0%, V SS = 0 Vdc, Ta = T L to T H ) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Frequency of Operation 
Crystal Option 
External Clock Option 


fosc 


dc 


2.0 
2.0 


MHz 


Internal Operating Frequency 
Crystal (f 08C + 2) 
External Clock (fosc~2) 


fop 


dc 


1.0 
1.0 


MHz 


Cycle Time (see Figure 30) 


tcyc 


1000 






Crystal Oscillator Startup Time (see Figure 30) 


tnvm/ 




100 


ms 


Stop Recovery Startup Time (Crystal Oscillator) (see Figure 27) 


tlLCH 




100 


ms 


RESET Pulse Width — Excluding Power-Up (see Figure 30) 


tRL 


1.5 




tcyc 


Timer 
Resolution** 

Input Capture Pulse Width (see Figure 28) 
Input Capture Pulse Period (see Figure 28) 


tRESL 
tTH- tTL 
tTLTL 


4.0 
250 

**# 




tcyc 
ns 

l cyc 


Interrupt Pulse Width Low (Edge-Triggered) (see Figure 30) 


tILIH 


250 




ns 


Interrupt Pulse Period (see Figure 30) 


tlLIL 






tcyc 


OSC1 Pulse Width 


tOH- tQL 


200 




ns 



*The minimum period t| |_| i_ should not be less than the number of cycle times it takes to execute the interrupt service routine plus 
21 t C y C . 

**Since a 2-bit prescaler in the timer must count four internal cycles (t cvc ), this is the limiting minimum factor in determining the 
timer resolution. 

***The minimum period Ijljl should not be less than the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 t cyc . 



External 
Signal 
(TCAP 
Pin 37) 




Figure 28. Timer Relationships 
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SERIAL PERIPHERAL INTERFACE (SPI) TIMING 

(Vdd = 5-0 Vdc±10%, Vss = 0 Vdc, Ta = Tl to Th) (see Figure 29) 



Num. 


Characteristic 


Symbol 


Min 


Max 


Unit 




Operating Frequency 
Master 
Slave 


f op(m) 
f op(s) 


dc 
dc 


0.5 
2.1 


fop 
MHz 


1 


Cycle Time 
Master 
Slave 


tcyc(m) 
l cyc(s) 


2.0 
480 


- 


tcyc 
ns 


2 


Enable Lead Time 
Master 
Slave 


t|ead(m) 
tlead(s) 


* 

240 


z 


ns 
ns 


3 


Enable Lag Time 
Master 
Slave 


l lag(m) 
tlagfs) 


# 
240 


- 


ns 
ns 


4 


Clock (SCK) High Time 
Master 
Slave 


l w(SCKH)m 
tw(SCKH)s 


340 
190 


- 


ns 
ns 


5 


Clock (SCK) Low Time 
Master 
Slave 


tw(SCKL)m 
tw(SCKL)s 


340 
190 


— 


ns 
ns 


6 


Data Setup Time (Inputs) 
Master 
Slave 


tsufm) 
tsu(s) 


100 
100 


— 


ns 
ns 


7 


Data Hold Time (Inputs) 
Master 
Slave 


th(m) 
l h(s) 


100 
100 


— 


ns 
ns 


8 


Access Time (Time to Data Active from High-Impedance State) 
Slave 


*a 


0 


120 


ns 


9 


Disable Time (Hold Time to High-Impedance State) 
Slave 


tdis 




240 


ns 


10 


Data Valid 
Master (Before Capture Edge) 
Slave (After Enable Edge)** 


Mm) 
Wis) 


0.25 


240 


l cyc(m) 
ns 


11 


Data Hold Time (Outputs) 
Master (After Capture Edge) 
Slave (After Enable Edge) 


tho(m) 
tho(s) 


0.25 
0 




l cyc(m) 
ns 


12 


Rise Time (20% Vdd to 70% Vqd. C|_ = 200 pF) 
SPI Outputs (SCK, MOSI, and MISOJ_ 
SPI Inputs (SCK, MOSI, MISO, and SS) 


l rm 
trs 




100 
2.0 


ns 

(AS 


13 


Fall Time (70% V D d to 20% V D d, C L = 200 pF) 
SPI Outputs (SCK, MOSI, and MISO]_ 
SPI Inputs (SCK, MOSI, MISO, and SS) 


tfm 
tfs 




100 
2.0 


ns 
fxs 



•Signal production depends on software. 
**Assumes 200 pF load on all SPI pins. 
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SERIAL PERIPHERAL INTERFACE (SPI) TIMING 

(Vdd = 3.3 Vdc±10%, Vss = 0 Vdc, Ta=T|_ to T H ) (see Figure 29) 



Num. 


Characteristic 


Symbol 


Min 


Max 


Unit 




Onoratinn Prom lonrw 
\J\Jcl dill iy r 1 cLJUCMUy 

Master 
Slave 


f op(m) 
f op(s) 


dc 
dc 


0.5 
1.0 


fop 
MHz 


1 


f^v/plo Timo 
oyuio i ii i it; 

Master 
Slave 


tcyc(m) 
tcyc(s) 


2.0 
1.0 


- 


tcyc 

(iS 


2 


L_lldUIC LCdU IIIIIO 

Master 
Slave 


l lead(m) 
t|ead(s) 


500 


- 


ns 
ns 


3 


i-iiduic; Udy 1 11 1 it? 

Master 
Slave 


l lag(m) 
l lag(s) 


500 


— 


ns 
ns 


4 


Master 
Slave 


tw(SCKH)m 
tw(SCKH)s 


720 
400 


- 


(IS 

ns 


5 


Clock (SCK) Low Time 
Master 
Slave 


tw(SCKL)m 
M(SCKL)s 


720 
400 




M-S 
ns 


6 


Data Setup Time (Inputs) 
Master 
Slave 


tsudn) 
tsuls) 


200 
200 




ns 
ns 


7 


Data Hold Time (Inputs) 
Master 
Slave 


th(m) 
th(s) 


200 
200 




ns 
ns 


8 


Access Time (Time to Data Active from High-Impedance State) 
Slave 


ta 


0 


250 


ns 


9 


Disable Time (Hold Time to High-Impedance State) 
Slave 


tdis 


- 


500 


ns 


10 


Data Valid 
Master (Before Capture Edge) 
Slave (After Enable Edge)** 


Mm) 
Ms) 


0.25 


500 


tcyc(m) 
ns 


11 


Data Hold Time (Outputs) 
Master (After Capture Edge) 
Slave (After Enable Edge) 


tho(m) 
tho(s) 


0.25 
0 




tcyc(m) 
ns 


12 


Rise Time (20% Vqd to 70% Vqd. Cl = 200 pF) 
SPI Outputs (SCK, MOSI, and MISQL. 
SPI Inputs (SCK, MOSI, MISO, and SS) 


l rm 
trs 




200 
2.0 


ns 

M-s 


13 


Fall Time (70% Vqd to 20% Vqd. C|_=200 pF) 
SPI Outputs (SCK, MOSI, and MISO]_ 
SPI Inputs (SCK, MOSI, MISO, and SS) 


tfm 
tfs 




200 
2.0 


ns 

M-s 



'Signal production depends on software. 
'Assumes 200 pF load on all SPI pins. 
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55 

(INPUT) 



55bHakJ High on Master 



SCK (CPOL-O) SEE 
(OUTPUT) NOTE 



SCK 
(OUTI 



MISO 
(INPUT) 



MOSI 
(OUTPUT) 



^* MSB IN — — ^ BIT6----*1 ^ — -— ^ LSBIN ^ 



MASTER MSB OUT 



*<fi) 



*<TS) 



BIT6 1 

— s— 



MASTER LSB OUT 



NOTE: This first dock adga b ganaratad internally but is not saan at tha SCK pin. 

a) SPI MASTER TIMING (CPHA=0) 



55 

(INPUT) 



SCK (CPOL-0) 
(OUTPUT) 



55isH»ld High on Master 
— © 



SCK (CPOL.1) 
(OUTPUT) 



MISO 
(INPUT) 



MOSI 
(OUTPUT) 



<8H K" ®H h 



MSB IN y 



MASTER MSB OUT 



-\ LSBIN [ 



H8> 



BIT6----1 

— s— 



X 



MASTER LSB OUT 



7 



(OH r- 



NOTE: This last dock adga Is ganaralad intamally but is not saan at tha SCK pin. 

b) SPI MASTER TIMING (CPHA= 1) 



Figure 29. SPI Timing Diagrams (Sheet 1 of 2) 
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33 

(INPUT) 



SCK (CPOL.O) 

(INPUT) 



SCK (CPOL-1) 
(INPUT) 



MISO 
(OUTPUT) 



Jr 



-©- 



MOSI 
(INPUT) 



MSB OUT 



MD -Ir© 



x 



BIT6----1 

-v 



SLAVE LSB OUT 



(3>- 



K2> 



(EH h- 

X NOTE ] f" 



^ MSB IN ^ BIT6--~1~^ ^ LSB IN 



NOTE. Not defined but normally MSB ol character just received. 

c) SPI SLAVE TIMING (CPHA=0) 



53 

(INPUT) 



SCK (CPOL-0) 
(INPUT) 



SCK (CPOL-1) 
(INPUT) 



MISO SEE \jf 

(OUTPUT) S . NOTE / c 



SLAVE 



MOSI 
(INPUT) 



MSB OUT 



>; 



BIT6----1 



<S>* 



NOTE: Not defined but normally LSB of character previously transmitted. 

d) SPI SLAVE TIMING (CPHA = 1) 



Jr 



j' 

*<S) -Ik® 



SLAVE LSB OUT 



(' MSB IN ^ r ^ BIT6----*1~^ ^ LSB IN ^ - 



Figure 29. SPI Timing Diagrams (Sheet 2 of 2) 
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CO 



r 



'VDDR 



VqD Threshold (1-2 V Typical) 
I 



\^jzzz$zzzmzzzzzzzzzzmmzzzzzzzzzzzzzzzmzzzizzzzzzzzzz 

ItQXOv' 4064 t cyc I 



Internal 
Processor 
Clock* 



f«- «cyc -» 



Internal 
Address 
Bus* 



Internal 
Data 
Bus* 



o 
o> 

00 

X 

o 

00 

o 

Ol 

o 



tRL- 



* Internal timing signal and bus information not available externally 
•0SC1 line is not meant to represent frequency It is only used to represent time 

•The next rising edge of the internal processor clock following the rising edge of RESET initiates the reset sequence 



Figure 30. Power-On Reset and RESET 
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MECHANICAL DATA 



This section contains ordering informatiom, pin assignments, and package dimensions for the MC68HC805C4. 



ORDERING INFORMATION 

The following table provides ordering information pertaining to the package type, temperature, and MC order numbers 
for the MC68HC805C4 device. 



Package Type 


Temperature 


MC Order Number 


Plastic 
(P Suffix) 


0°Cto +70°C 
-40°Cto +85°C 


MC68HC805C4P 
MC68HC805C4CP 


PLCC 
(FN Suffix) 


0°Cto +70°C 
-40°C to +85°C 


MC68HC805C4FN 
MC68HC805C4CFN v 



PIN ASSIGNMENTS 



40-PIN DUAL-IN-LINE PACKAGE 



RESET/MATCH 
iRQ[ 
V PP 

PA7[ 

PA6[ 

PA5 

PA4[ 

PA3 

PA2 

PA1 

PAO 

PBO 

PB1 [ 

PB2[ 

PB3[ 

PB4[ 

PB5[ 

PB6 [ 

PB7[ 

vssl 



[ 1 



]OSC1 
] OSC2 
] TCAP 
] PD7 
] TCMP 
] PD5/SS 
] PD4/SCK 
] PD3/MOSI 
] PD2/MISO 
] PD1/TDO 
]PD0/RDI 
] PCO 
] PC1 
]PC2 
]PC3 
]PC4 
]PC5 
]PC6 
]PC7 



44-LEAD PLCC PACKAGE 




39 3 PD7 
3 TCMP_ 

1 PD5/SS 
3 PD4/SCK 

2 PD3/M0SI 
34 3PD2/MISO 

D PD1/TDO 

Dpho/rdi 

3 pco 
3pci 

3PC2 



- - - 0. Q. Q. 



NOTE: Bulk substrate tied to Vss. 
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Technical Summary 

8-Bit Microprocessor Unit 



The MC146805E2 (CMOS) Microprocessor Unit (MPU) is a member of the MC146805 Family of 
microcomputers. This low cost and low power MPU has parallel I/O capability with pins programm- 
able as input or output. This publication contains condensed information on the MPU; for detailed 
information, refer to M68Q5 HMOS, M146805 CMOS Family User's Manual (M6805UM(AD2)) or con- 
tact your local Motorola sales office. 

Refer to the block diagram for the hardware features and to the list below for additional features 
available on the MPU. 

• Internal 8-Bit Timer with 7-Bit Programmable Prescaler 

• On-chip Clock 

• Memory Mapped I/O 

• Versatile Interrupt Handling 

• True Bit Manipulation 

• Bit Test and Branch Instruction 



Vectored Interrupts Jj?^* 
Multiplexed Address, Data Bus 
Power-saving STXJ^rid WAIT Modes 
Single 3.0- to {foplt Supply 
Fully Static^^ration 



BLOCK DIAGRAM 





PRESCALER 


TIMER/ 


TIMER — 


7 


8 COUNTER 




TIMER CONTROL 




PORT 


DATA 


A 


DIR 


REG 


REG 












PORT 




B 


*• DIR • 


REG 


REG 



0SC1 0SC2 

Ll_ 



,|esIt LI 



IRQ 



OSCILLATOR it. 



J 



ACCUMULATOR 

8 fx/ 




CPU 
CONTROL 


RE^SJER 

8 <. ;>} X 




CONDITION 
br- CODE 
5' REGISTER CC 




STACK 
POINTER 
6 SP 


CPU 


[ PROGRAM 




COUNTER 
5 HIGH PCH 






PROGRAM 
COUNTER 
8 LOW PCL 




ALU 





ADDRESS 
DRIVE 



A8 
A9 
A10 
All 
■*> A12 



BUS 
CONTROL 



MULTIPLEXED 
ADDRESS 
DATA 
BUS 



ADDRESS 
BUS 



AS ADDRESS STROBE 
DS DATA STROBE (<f>) 
R/W READ/WRITE 
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SIGNAL DESCRIPTION 

V D D AND Vss 

Power is supplied to the microcomputer using these 
two pins. Vdd is +5 volts (±0.5A) power and Vss ' s 
ground. 

LI (LOAD INSTRUCTION) 

The output is used to indicate that a fetch of the next 
opcode is in progress. The output is used only for certain 
debugging and test systems. In normal operation, this 
pin is not connected. This signal overlaps data strobe 
(DS). 

IRQ 

This pin is a level-sensitive and edge-sensitive input 
which can be used to request an interrupt sequence. Refer 
to INTERRUPTS for more detail. 

OSC1, OSC2 

These pins provide control input for the on-chip clock 
oscillator circuits. A crystal or an external signal is con- 
nected to these pins to provide a system clock. Figure 1 
shows the crystal connection, and Figure 2 shows OSC1 
to bus transitions for system designs using oscillators 
slower than 5 MHz. 

Crystal 

The circuit shown in Figure 1 is recommended when 
using a crystal. Using an external CMOS oscillator is rec- 
ommended when crystals outside the specified ranges 



are to be used. The crystal and components should be 
mounted as close as possible to the input pins to mini- 
mize output distortion and startup stabilization time. Re- 
fer to ELECTRICAL SPECIFICATIONS for Vqd 
specifications. 

External Clock 

An external clock should be applied to the OSC1 input 
with the OSC2 input not connected, as shown in Figure 1. 
The tfjXOV or t||_CH specifications do not apply when 
using an external clock input. 

TIMER 

This pin is used as an external input to control the 
internal timer/counter circuitry. This pin also detects a 
higher voltage level used to initiate the bootstrap pro- 
gram. 



RESET 

This pin has a Schmitt trigger input and an on-chip 
pullup. The MPU can be reset by pulling RESET low. 

AS (ADDRESS STROBE) 

This output strobe is used to indicate the presence of 
an address on the 8-bit multiplexed bus. The eight least- 
significant address bits are demultiplexed from the data 
bus. The output is capable of driving one standard TTL 
load and 130 picofarads and is available at f 0 sc divided- 
by-five when the MPU is not in the WAIT or STOP mode. 




Crystal Parameters Representative 
Frequencies 





5.0 MHz 


4.0 MHz 


1.0 MHz 


RS max 


son 


75n 


40on 


CO 


8pF 


7pF 


5pF 


C1 


0.02 pF 


0.012 pF 


0.008 pF 


Q 


50 k 


40 k 


30 k 


COSC1 


15-30 pF 


15-30 pF 


15-40 pF 


CQSC2 


15-25 pF 


15-25 pF 


15-30 pF 



OSCILLATOR WAVEFORM 



0SC1 PIN 



^ trji — >■ < — 'OH— > . 



l 0L0L 



38 

0SC2 



CRYSTAL CIRCUIT 
L CI R S 

CO 



0SC2 



HDr- 



3_9 

0SC1 



0SC1 



CRYSTAL OSCILLATOR CONNECTIONS 



0SC1 




0SC2 

^) NO 

CONNECTION 
(NO 



T CQSC2 ~T~ 
Figure 1. Oscillator Connections 
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DS (DATA STROBE) 

This output is used to transfer data to or from a pe- 
ripheral or memory. DS occurs when the MPU does a 
data read or write and during data transfer to or from 
internal memory. The output is capable of driving one 
standard TTL load and 130 picofarads and is available at 
f 0 sc divided-by-five when the MPU is not in the WAIT or 
STOP mode. 

R/W (READ/WRITE) 

This output is used to indicate the direction of data 
transfer to both internal memory and I/O registers, and 
external peripheral devices and memories. The output 
indicatesjo a selected peripheral whether the MPU is to 
read (R/W high) or write (R/W low) data on the next data 
strobe. The output is capable of driving one standard TTL 
load and 130 picofarads. 

A8-A12 (HIGH ORDER ADDRESS LINES) 

These five output lines constitute the higher order non- 
multiplexed addresses. Each output line is capable of 
driving one standard TTL load and 130 picofarads. 



B0-B7 (ADDRESS/DATA BUS) 

These bidirectional lines constitute the lower order ad- 
dresses and data. These lines are multiplexed with ad- 
dress present at address strobe time and data present at 
data strobe time. These lines are bidirectional during data 
mode as indicated by the R/W pin and are capable of 
driving one standard TTL load and 130 picofarads. 

INPUT/OUTPUT LINES (PA0-PA7, PB0-PB7) 

These 16 lines are arranged into two 8-bit ports. Both 
ports are programmable as either inputs or outputs under 
software control of the data direction registers. Refer to 
PROGRAMMING for additional information. 



PROGRAMMING 

INPUT/OUTPUT PROGRAMMING 

Any port pin is programmable as either input or output 
under software control of the corresponding write-only 
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data direction register (DDR). The port I/O programming 
is accomplished by writing the corresponding bit in the 
port DDR to a logic 1 for output and a logic 0 for input. 
On reset, all the DDRs are initialized to a logic 0 state to 
put the ports in the input mode. To avoid undefined lev- 
els, the port output registers are not initialized on reset 
but may be written to before setting the DDR bits. 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Care must 
be exercised when using read-modify-write instructions 
since the data read corresponds: to the pin level if the 
DDR is an input (0) and, also, to the latched output when 
the DDR is an output (1 ). Refer to Table 1 for I/O functions 
and to Figure 3 for typical port circuitry. 



MEMORY 

The MPU is capable of addressing 8192 bytes of mem- 
ory and I/O registers. The memory map is shown in Figure 
4. The locations consist of external memory, user RAM, 
a timer control register, and I/O. The interrupt vectors are 
located from $1FF6to $1FFF. During program reads from 



Table 1. I/O Pin Functions 



R/W* 


DDR 


I/O Pin Functions 


0 


0 


The I/O pin is in input mode. Data is writ- 
ten into the output data latch. 


0 


1 


Data is written into the output data latch 
and output to the I/O pin. 


1 


0 


The state of the I/O pin is read. 


1 


1 


The I/O pin is in an output mode. The out- 
put data latch is read. 



*R/W is an internal signal. 

from on-chip locations, the MPU accepts data only from 
the addressed on-chip location. Any read data appearing 
on the input bus is ignored. 

The shared stack area is used during processing of an 
interrupt or subroutine call to save the CPU state. The 
stack pointer decrements during pushes and increments 
during pulls. Refer to INTERRUPTS for additional infor- 
mation. 

NOTE 

Using the shared stack area for data storage or tem- 
porary work locations requires care to prevent it 
from being overwritten due to stacking from an in- 
terrupt or subroutine call. 




TO 
AND 
FROM 
CPU 



DATA DIRECTION 
REGISTER 
BIT 



LATCHED 
OUTPUT 
DATA BIT 






I/O 
PIN 



DATA DIRECTION 
REGISTER 



DDA7 


DDA6 


DDA5 


DDA4 


DDA3 


DDA2 


DDA1 


DDAO 

































$0004 ($0005) 



PORT A(B) 

REGISTER | | | | I I I I 

t t t \ I t t t 

PIM PA7 PA6 PA5 PA4 PA3 PA2 PA1 PA0 
(PB7) (PB6) (PB5) (PB4) (PB3) (PB2) (PB1| (PB0) 

Figure 3. Typical Port I/O Circuitry and Register Configuration 
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ACCESS 

VIA 
PAGE 0 
DIRECT 
ADDRESSING 




INTERRUPT 
VECTORS 



8182 



8191 



I/O PORTS 
TIMER 
RAM 



EXTERNAL 
MEMORY 
SPACE 
(8064 BYTES) 



TIMER INTERRUPT FROM WAIT STATE ONLY 
TIMER INTERRUPT 

EXTEjJNAL_l NHRRUPT _~~~[ 

SWI 
R 



$0000 " 



$007 F 
$0080 



$OOFF 
$0100 



$1FF6-$1FF7 
I 

$1FF8-$1FF9 
S1FFA S1FFB 
$1FFC-$1FFD ! 
$1FFE-$1FFF 



127 



PORT A DATA REGISTER 



PORT B DATA REGISTER 



EXTERNAL MEMORY SPACE 



EXTERNAL MEMORY SPACE 



PORT A DATA DIRECTION REGISTER 



PORT B DATA DIRECTION REGISTER 



EXTERNAL MEMORY SPACE 



EXTERNAL MEMORY SPACE 



TIMER DATA REGISTER 



TIMER CONTROL REGISTER 



EXTERNAL MEMORY 
SPACE 



RAM 
(112 BYTES) 



STACK (64 BYTES MAX) 

__t 



$0000 
$0001 
$0002 
$0003 
$0004 
$0005 
$0006 
$0007 
$0008 
$0009 
$000A 



$000F 
$0010 



$003F 
$0040 



$007F 



Figure 4. Memory Map 



REGISTERS 

The MPU contains the registers described in the fol- 
lowing paragraphs. 

ACCUMULATOR (A) 

The accumulator is a general purpose 8-bit register 
used to hold operands and results of arithmetic calcu- 
lations or data manipulations. 

7 0 



8 7 



INDEX REGISTER (X) 

The index register is an 8-bit register used for the in- 
dexed addressing mode. It contains an 8-bit value that 
may be added to an 8- or 16-bit immediate value to create 
an effective address. The index register may also be used 
as a temporary storage area. 

7 0 



PROGRAM COUNTER (PC) 

The program counter is an 13-bit register that contains 
the address of the next byte to be fetched. 



PCH 



PCL 



STACK POINTER (SP) 

The stack pointer is an 13-bit register that contains the 
address of the next free location on the stack. During an 
MPU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set at location $007F. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

The seven most-significant bits of the stack pointer are 
permanently set at 0000001. Subroutines and interrupts 
may be nested down to location $0040 (64 bytes maxi- 
mum), which allows the programmer to use up to 15 
levels of subroutine calls (less if interrupts are allowed). 
12 6 0 



0 0 0 0 0 



ZLT 



SP 



CONDITION CODE REGISTER (CC) 

The condition code register is a 5-bit register in which 
four bits are used to indicate the results of the instruction 
just executed. These bits can be individually tested by a 
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program, and specifications can be taken as a result of 
their state. Each bit is explained in the following para- 
graphs. 



H 


I 


N 


Z 


c 



Half Carry (H) 

This bit is set during ADD and ADC operations to in- 
dicate that a carry occurred between bits 3 and 4. 

Interrupt (I) 

When this bit is set, the timer and external interrupt is 
masked (disabled). If an interrupt occurs while this bit is 
set, the interrupt is latched and is processed as soon as 
the interrupt bit is cleared. 

Negative (N) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative 
(bit 7 in the result is a logic 1 ). 

Zero (Z) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 

Carry/Borrow (C) 

When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during 
bit test and branch instructions, and during shifts and 
rotates. 



reset is used strictly for power turn-on conditions and 
should not be used to detect any drop in the power supply 
voltage. Ther e is a 19 20 t cyc after the oscillator becomes 
active. If the RESET pin is low at the end of 192 0 t cyc , 
the MPU will remain in the reset condition until RESET 
goes high. 

EXTERNAL RESET INPUT 

The MPU is reset when a logic zero is applied to the 
RESET input for a period longer than one machine cycle 
(tcyc)- Under this type of reset, the Schmitt trigger switches 
off at Vires - t0 provide an internal reset voltage. 



INTERRUPTS 

The MPU can be interrupte d thr ee different ways: (1) 
through the external interrupt IRQ input pin, (2) with the 
internal timer interrupt request, or (3) using the software 
interrupt instruction (SWI). 

Interrupts cause the processor registers to be saved on 
the stack and the interrupt mask (I bit) set to prevent 
additional interrupts. The RTI instruction causes the reg- 
ister contents to be recovered from the stack after which- 
normal processing resumes. The stacking order is shown 
in Figure j>. 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted, but are con- 
sidered pending until the current instruction is complete. 

NOTE 

The current instruction is considered to be the one 
already fetched and being operated on. 



RESETS 

The MPU can be reset two ways: by init ial pow er-up 
and by the external reset input (RESET). The RESET in put 
cons ists mainly of a Schmitt trigger that senses the RE- 
SET line logic level. 

POWER-ON-RESET (POR) 

An internal reset is generated on power-up that allows 
the internal clock generator to stabilize. The power-on 



When the current instruction is complete, the processor 
checks all pending hardware interrupts and, if unmasked, 
(I bit clear) proceeds with interrupt processing; other- 
wise, the next instruction is fetched and executed. Masked 
interrupts are latched for later interrupt service. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex- 
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction if the I bit is set (hardware 
interrupts masked). Refer to Figure 6 for the reset and 
interrupt instruction processing sequence. 



INCREASING MEMORY 
ADDRESSES 



1 1 1 CONDITION CODE REGISTER 



ACCUMULATOR 



INDEX REGISTER 



0 0 0 



PCH 



PCL 



STACK 
I 

N 
T 
E 
R 
R 
U 
P 
T 



DECREASING MEMORY 
ADDRESSES 



UNSTACK 

NOTE: Since the stack pointer decrements during pushes, the 
PCL is stacked first, followed by PCH, etc. Pulling from 
the stack is in the reverse order. 



Figure 5. Interrupt Stacking Order 
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Figure 6. Reset and Interrupt Processing Flowchart 



TIMER INTERRUPT 

If the timer mask bit (TCR6) is cleared, each time the 
timer decrements to zero (transitions from $01 to $00) an 
interrupt request is generated. The actual processor in- 
terrupt is generated only if the interrupt mask bit of the 
condition code register (CCR) is also cleared. When the 
interrupt is recognized, the current state of the machine 
is pushed onto the stack, and the I bit in the CCR is set 
masking further interrupts until the present one is serv- 
iced. The contents of the timer interrupt vector, contain- 
ing the location of the timer interrupt service routine, is 
then loaded into the program counter. At the end of the 
timer interrupt service routine, the software normally ex- 
ecutes an RTI instruction which restores the machine state 
and starts executing the interrupted program. 

EXTERNAL INTERRUPT 

If the interrupt mask bit (I bit) of the condition code 
register is set, all interrupts are disabled. Clearing the I 



bit enables the external interrupts. The external interrupt 
is intern ally synchronized and then latched on the falling 
edge of IRQ. The action of the external interrupt is iden- 
tical to the timer interrup t wi th the exception that the 
interrupt request input at IRQ is latched internally, and 
the service routine address is specified by the contents 
of $1FFA and $1FFB. 

Figure 7 shows both a functional and mode timing dia- 
gram for the interrupt line. The timing diagram shows 
two treatments of the interrupt line to the processor. The 
first method shows a single pulse on the interrupt line 
spaced far enough apart to be serviced. The minimum 
time between pulses is a function of the length of the 
interrupt service. Once a pulse occurs, the next pulse 
should not occur until an RTI occurs. This time (t| |_||_) is 
obtained by adding 20 instructions cycles to the total 
number of cycles it takes to complete the service routine. 
The second method shows many interrupt lines "wire- 
ORed" to form the interrupts at the processor. If the in- 
terrupt line remains low after servicing an interrupt, then 
the next interrupt is recognized. 
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|A) INTERRUPT FUNCTIONAL DIAGRAM 



INTERRUPT PIN - JJ> • 0 



VOD 



D Q 
C 

Q 

R 


' O 









EXTERNAL 
INTERRUPT 
REQUEST 




BIT (CCR) 



POWER-ON RESET 

EXTERNAL RESET 
EXTERNAL INTERRUPT 
BEING SERVICED 



(B) INTERRUPT MODE DIAGRAM 



0) 



IRQ1 



IRQn 



Wire ORed Condition 
If after servicing an interrupt the IRQ 
remains low, then the next interrupt is 
recognized. 




IRQ(MPU) 



(2) 



IRQ 



•t|LIH 



-tlLIL- 



Pulse Condition 
The minimum pulse width (t||_|(-| is one 
t C y C The period t||_||_ should not be less 
than the number of t cvc cycles it takes 
to execute the interrupt service routine 
plus 20 t C y C cycles 



Figure 7. External Interrupt 



SOFTWARE INTERRUPT (SWI) 

The SWI is an executable instruction that is executed 
regardless of the state of the I bit in the CCR. If the I bit 
is zero, SWI executes after the other interrupts. The SWI 
execution is similar to the hardware interrupts. 



INTERRUPT CLARIFICATION 

Under certain circumstances, the MPU (BP4XXXX and 
AW9XXXX) IRQ interrupt does not conform to the op- 
eration described in t his d ocumentation. 

The level sensitive IRQ mode is fully operational, and 
most applications are unaffected. Under certain condi- 



tions the edge-triggered IRQ might not be serviced; there- 
fore, it is recommended that the edge-triggered mode 
not be used. 

An interrupt-vector address can be improperly gener- 
ated in some circumstances. There is a possibility that 
when an external interrupt and timer interrupt occur dur- 
ing the WAIT mode, address locations $1FF2 and $1FF3 
are selected instead of vector locations $1 FF6 and $1 FF7. 
If the WAIT mode is not used or the WAIT mode is used 
without external interrupt, no precautions are necessary. 
If the WAIT mode is used, the vector in locations $1FF6 
and $1FF7 should be duplicated in $1FF2 and $1 FF3. 
Therefore, normal program execution would not be dis- 
turbed if the wrong vector was selected. 
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LOW-POWER MODES 

STOP 

The STOP instruction places the MPU in its lowest power 
consumption mode. In the STOP mode, the internal os- 
cillator is turned off, causing all internal processing and 
the timer to be halted; refer to Figure 8. 

During the STOP mode, timer control register (TCR) 
bits 6 and 7 are altered to remove any pending timer 
interrupt request and to disable any further time inter- 
rupts. The timer prescaler is cleared. The I bit in the con- 
dition code register is cleared to enable external interrupts. 
All other registers and memory remain unaltered. All in- 
put/output lines remain unchanged. The processor can 
only be brought out of the STOP mode by an external 
interrupt or reset. 



WAIT 

The WAIT instruction places the MPU in a low power 
consumption mode, but the WAIT mode consumes 
somewhat more power than the STOP mode. In the WAIT 
mode, the internal clock is disabled from all internal cir- 
cuitry except for the timer; refer to Figure 9. Thus, all 
internal processing is halted; however, the timer contin- 
ues to count normally. 

During the WAIT mode, the I bit in the condition code 
register is cleared to enable interrupts. All other registers, 
memory, and input/output lines remain in their previous 
state. The timer may be enabled to allow a periodic exit 
from the WAIT mode. If an external and a timer interrupt 
occur at the same time, the external interrupt is serviced 
first; then, if the timer interrupt request is not cleared in 
the external interrupt routine, the normal timer interrupt 



( ST0P ) 



STOP OSCILLATOR 
AND ALL CLOCKS 
TCR BIT 7 | 0 
TCR BIT 6 | 1 
CLEAR I BIT 




TURN ON OSCILLATOR 

WAIT FOR TIME 
DELAY TO STABILIZE 



FETCH EXTERNAL INTERRUPT 
OR RESET VECTOR 



Figure 8. STOP Function Flowchart 
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^ WAIT ^ 



OSCILLATOR ACTIVE 

CLEAR I BIT 
TIMER CLOCK ACTIVE 
ALL OTHER CLOCKS 
STOP 




FETCH EXTERNAL INTERRUPT. 
RESET. OR TIMER INTERRUPT 
(FROM WAIT MODE ONLY) 



Figure 9. WAIT Function Flowchart 



(not the timer wait interrupt) is serviced since the MPU 
is no longer in the WAIT mode. 



TIMER 

The MPU consists of an 8-bit software programmable 
counter driven by a 7-bit software programmable pres- 
caler. The various timer sources are made via the timer 
control register (TCR). The 8-bit counter may be loaded 
under program control and is decremented toward zero. 



When the timer reaches zero, the timer interrupt request 
bit (bit 7) in the timer control register (TCR) is set. Refer 
to Figure 10 for timer block diagram. 

The timer interrupt can be masked (disabled) by setting 
the timer interrupt mask bit (bit 6) in the TCR. When the 
I bit in the condition code register is cleared, the proces- 
sor receives the interrupt. The MPU responds to this in- 
terrupt by 1) saving the present CPU state on the stack, 
2) fetching the timer interrupt vector, and 3) executing 
the interrupt routine. The timer interrupt request bit must 
be cleared by software. Refer to RESETS and INTER- 
RUPTS for additional information. 
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EXTERNAL 
INPUT 



SELECTED BY 
TCR4, TCR5 

-O Q QO H-O 



SELECTED BY TCRO, 
TCR1, TCR2 



/ 

1111111 



TIMER DATA 
REGISTER 



7\ 



PRESCALER 
7 BITS 



INTERNAL 
CLOCK 



DISABLED 



INTERRUPT 
CONTROL 



\7 



CLEARED BY WRITE READ INTERRUPT 
TCR3 



SOFTWARE FUNCTIONS 

NOTES 

1 Prescaler and timer data register are clocked on the falling edge of the internal clock (AS) or external input 

2 Timer data register is written to during data strobe (DS) and counts down continuously 

Figure 10. Timer Block Diagram 



The prescaler is a 7-bit divider which is used to extend 
the maximum length of the timer. To avoid truncation 
errors, the prescaler is cleared when TCR bit 3 is set to 
a logic 1; however, the TCR bit 3 always reads as a logic 
0 to ensure proper operation with read-modify-write in- 
structions. 

The timer continues to count past zero, falling from $00 
through $FF, and continues the countdown. The counter 
can be read at any time by reading the timer data register 
(TDR). This allows a program to determine the length of 
time since a timer interrupt has occurred without dis- 
turbing the counting process. 

SOFTWARE CONTROLLED MODE 

The timer prescaler input can be configured for three 
different operating modes plus a disable mode, depend- 
ing on the value written to TCR control bits 4 and 5 (TCR4 
and TCR5). The following paragraphs describe the dif- 
ferent modes. 

Timer Input Mode 1 

When TCR4 and TCR5 are both programmed to zero, 
the timer input is from the internal clock (phase 2) and 
the timer input pin is disabled. The internal clock mode 
can be used for periodic interrupt generation as well as 
a reference for frequency and event measurement. Dur- 
ing the WAIT instruction, the internal clock to the timer 
continues to run at its normal rate. 

Timer Input Mode 2 

When TCR4 = 1 and TCR5 = 0, the internal clock and the 
timer input signals are ANDed to form the timer input. 
This mode can be used to measure external pulse widths. 
The external pulse gates in the internal clock for the du- 
ration of the external pulse. The accuracy of the count is 
±1. 



Timer Input Mode 3 

When TCR4 = 0 and TCR5 = 1, no prescaler input fre- 
quency is applied to the prescaler and the timer is dis- 
abled. 

Timer Input Mode 4 

When TCR4 and TCR5 are both one, the timer input is 
from the external clock. The external clock can be used 
to count external events as well as to provide an external 
frequency for generating periodic interrupts. 

TIMER CONTROL REGISTER (TCR) $009 

This is an 8-bit register that controls various functions 
such as configuring operation mode, setting ratio of the 
prescaler, and generating timer interrupt request signal. 
All bits are read/write except bit 3. 



7 


6 


5 


4 


3 


2 


1 


0 


TCR7 


TCR6 


TCR5 


TCR4 


TCR3 


TCR2 


TCR1 


TCRO 


RESET: 
0 


1 


U 


U 


U 


U 


U 


U 



TCR7 — Timer Interrupt Request 

Used to indicate the timer interrupt when it is logic 
one. 

1 =Set when the timer data register changes to all 
zeros. 

0 = Cleared by external reset, power-on reset, or 

under program control. 

TCR6 — Timer Interrupt Mask 

Used to inhibit the timer interrupt. 

1 = Interrupt inhibited. 
0 = Interrupt enabled. 
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TCR5 — External or Internal 
Selects input clock source. 
1 = External clock selected. 
0= Internal clock selected (f os c /4 )- 

TCR4 — TIMER External Enable 

Used to enable external TIMER pin or to enable the 
internal clock. 

1 = Enables external timer pin. 

0= Disables external timer pin. 

TCR3 — Prescaler Clear 

Write only bit. Writing a 1 to this bit resets the pres- 
caler to zero. A read of this location always indicates 
a zero. 

TCR2, TCR1, TCRO — Prescaler select bits 

Decoded to select one of eight outputs of the pres- 
caler. 

Prescaler 



TCR2 


TCR1 


TCRO 


Result 


0 


0 


0 


-1 


0 


0 


1 


-2 


0 


1 


0 


-4 


0 


1 


1 


-8 


1 


0 


0 


-16 


1 


0 


1 


-32 


1 


1 


0 


-64 


1 


1 


1 


-128 



INSTRUCTION SET 

The MPU has a set of 61 basic instructions which can 
be divided into five different types: register/memory, read- 
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 

REGISTER/MEMORY INSTRUCTIONS 

Most of these instructions use two operands. One op- 
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 
jump to subroutine (JSR) instructions have no register 
operand. Refer to the following instruction listing. 



Function 


Mnemonic 


Load A from Memory 


LDA 


Load X from Memory 


LDX 


Store A in Memory 


STA 


Store X in Memory 


STX 


Add Memory to A 


ADD 


Add Memory and Carry to A 


ADC 



Function 


Mnemonic 


Subtract Memory 


SUB 


Subtract Memory from A with Borrow 


SBC 


AND Memory to A 


AND 


OR Memory with A 


ORA 


Exclusive OR Memory with A 


EOR 


Arithmetic Compare A with Memory 


CMP 


Arithmetic Compare X with Memory 


CPX 


Bit Test Memory with A (Logical Compare) 


BIT 


Jump Unconditional 


JMP 


Jump to Subroutine 


JSR 



READ-MODIFY-WRITE INSTRUCTIONS 

These instructions read a memory location or a reg- 
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following listing of instructions. 



Function 


Mnemonic 


Increment 


INC 


Decrement 


DEC 


Clear 


CLR 


Complement 


COM 


Negate (2's Complement) 


NEG 


Rotate Left Thru Carry 


ROL 


Rotate Right Thru Carry 


ROR 


Logical Shift Left 


LSL 


Logical Shift Right 


LSR 


Arithmetic Shift Right 


ASR 


Test for Negative or Zero 


TST 



BIT MANIPULATION INSTRUCTIONS 

The MPU is capable of setting or clearing any bit which 
resides in the first 256 bytes of the memory space, where 
all port registers, port DDRs, timer, timer control, and on- 
chip RAM reside. An additional feature allows the soft- 
ware to test and branch on the state of any bit within 
these 256 locations. The bit set, bit clear and bit test, and 
branch functions are all implemented with a single in- 
struction. For test and branch instructions, the value of 
the bit tested is also placed in the carry bit of the condition 
code register. Refer to the following listing of bit manip- 
ulation instructions. 



— Continued — 



Function 


Mnemonic 


Branch if Bit n is Set 


BRSET n (n = 0 . . . 7) 


Branch if Bit n is Clear 


BRCLRn(n = 0...7) 


Set Bit n 


BSETrt (n=0...7) 


Clear Bit n 


BCLRn (n = 0...7) 
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BRANCH INSTRUCTIONS 

This set of instructions branches if a particular condi- 
tion is met; otherwise, no operation is performed. Branch 
instructions are two byte instructions. Refer to the fol- 
lowing listing of branch instructions. 



Function 


Mnemonic 


Branch Always 


BRA 


Branch Never 


BRN 


Branch if Higher 


BHI 


Branch if Lower or Same 


BLS 


Branch if Carry Clear 


BCC 


(Branch if Higher or Same) 


(BHS) 


Branch if Carry Set 


BCS 


(Branch if Lower) 


(BLO) 


Branch if Not Equal 


BNE 


Branch if Equal 


BEQ 


Branch if Half Carry Clear 


BHCC 


Branch if Half Carry Set 


BHCS 


Branch if Plus 


BPL 


Branch if Minus 


BMI 


Branch if Interrupt Mask Bit is Clear 


BMC 


Branch if Interrupt Mask Bit is Set 


BMS 


Branch if Interrupt Line is Low 


BIL 


Branch if Interrupt Line is High 


BIH 


Branch to Subroutine 


BSR 



CONTROL INSTRUCTIONS 

These instructions are register reference instructions 
and are used to control processor operation during pro- 
gram execution. Refer to the following listing of control 
instructions. 



Function 


Mnemonic 


Transfer A to X 


TAX 


Transfer X to A 


TXA 


Set Carry Bit 


SEC 


Clear Carry Bit 


CLC 


Set Interrupt Mask Bit 


SEI 


Clear Interrupt Mask Bit 


CLI 


Software Interrupt 


SWI 


Return from Subroutine 


RTS 


Return from Interrupt 


RTI 


Reset Stack Pointer 


RSP 


No-Operation 


NOP 


Stop 


STOP 


Wait 


WAIT 



OPCODE MAP SUMMARY 

Table 2 is an opcode map for the instructions used on 
the MPU. 



ADDRESSING MODES 

The MPU uses ten different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code cov- 
ersion tables, and scaling tables anywhere in the memory 
space. Short indexed accesses are single byte instruc- 
tions, while the longest instructions (three bytes) permit 
accessing tables throughout memory. Short and long ab- 
solute addressing is also included. Two byte direct ad- 
dressing instructions access all data bytes in most 
applications. Extended addressing permits jump instruc- 
tions to reach all memory. 

The term "effective address" (EA) is used in describing 
the various addressing modes. Effective address is de- 
fined as the address from which the argument for an 
instruction is fetched or stored. 

IMMEDIATE 

In the immediate addressing mode, the operand is con- 
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize a loop counter). 

DIRECT 

In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 

EXTENDED 

In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. When using 
the Motorola assembler, the user need not specify whether 
an instruction uses direct or extended addressing. The 
assembler automatically selects the shortest form of the 
instruction. 

RELATIVE 

The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8- 
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from -126 to +129 from 
the opcode address. The programmer need not calculate 
the offset when using the Motorola assembler, since it 
calculates the proper offset and checks to see that it is 
within the span of the branch. 
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Table 2. Opcode Map 





Bit Manipulation 


Branch 


Read-Modify-Wnte 


Control 


Register/ Memory 




BTB 


BSC 




DIR 


INH 


INH 


1X1 


IX 


INM 


INH 


IMM 


DIR 


EXT 


1X2 


1X1 


IX 




— — 

0000 


-T — 

0001 


0010 


— T - 

0011 


4 

0100 


s 

0101 


6 

0110 


7 

0111 


8 

1000 


9 

1001 


A 

1010 


B 

1011 


<r 

1100 


D 

1101 


E 
1110 


F 
1111 


hh^----' 


0 
WTO 


b 

BRSETO 

3 BTB 


5 

BSETO 

2 BSC 


3 

BRA 

2 BEL 


5 

NEG 

2 DIR 


3 

NEG 

1 INH 


3 

NEG 

1 INH 


6 

NEG 

2 IX1 


b 

NEG 

1 IX 


9 

RTI 

1 INH 




2 

SUB 

2 IMM 


3 

SUB 

2 DIR 


4 

SUB 

3 EXT 


5 

SUB 

3 IX2 


4 

SUB 

2 ixi 


3 

SUB 

1 IX 


0 

0000 


1 

0001 


5 

BRCLRO 
3 BTB 


5 

BCLRO 

2 BSC 


3 

BRN 

2 REL 












6 

RTS 




2 

CMP 

2 IMM 


3 

CMP 

2 DlR 


CMP 

3 EXT 


b 

CMP 

3 IX2 


CMP 

2 IXI 


3 

CMP 

I IX 


1 


2 

0010 


BRSET1 
3 BTB 


5 

BSET1 

2 BSC 


3 

BHI 

2 REL 
















2 

SBC 

2 IMM 


3 

SBC 

2 DIR 


4 

SBC 

3 EXT 


5 

SBC 

3 IX2 


SBC 
2 IXI 


3 

SBC 

1 IX 


2 
0010 


3 

0011 


5 

BRCLR1 
3 BTB 


5 

BCLR1 

2 BSC 


3 

BLS 

2 REL 


5 

COM 

2 DIR 


3 

COMA 

1 INH 


3 

COMX 

1 INH 


6 

COM 

2 IX1 


b 

COM 


10 

SWI 




2 

CPX 

2 IMM 


3 

CPX 

2 DIR 


CPX 
3 EXT 


5 

CPX 

3 IX2 


CPX 
2 IXI 


3 

CPX 


3 

0011 


4 

0100 


5 

BRSET2 

3 BTB 


5 

BSET2 

2 BSC 


3 

BCC 

2 REL 


5 

LSR 

2 DTR 


3 

LSRA 

1 INH 


3 

LSRX 

1 IN H 


6 

LSR 

2 ixl 


5 

LSR 

1 IX 






2 

AND 

2 IMM 


3 

AND 

2 DlR 


AND 
3 EXT 


6 

AND 

3 IX2 


AND 

2 IXI 


3 

AND 

1 IX 


4 

0100 


5 
0101 


5 

BRCLR2 
3 BTB 


5 

BCLR2 

2 BSC 


3 

BCS 

2 REL 
















2 

BIT 

2 IMM 


3 

BIT 

2 DlR 


BIT 

3 EXT 


5 

BIT 

3 IX2 


BIT 

2 IXI 


3 

BIT 
1 IX 


5 

0101 


6 

0110 


BRSET3" 
3 BTB 


6 

BSET3 

2 BSC 


3 

BNE 

2 REL 


5 

ROR 

2 DlR 


3 

RORA 

1 INH 


3 

RORX 

1 INH 


6 

ROR 

2 1X1 


b 

ROR 






2 

LDA 

2 IMM 


3 

LDA 

2 DIR 


4 

LDA 

3 EXT 


5 

LDA 

3 IX2 


LDA 

2 IX 1 


3 

LDA 

1 IX 


6 

0110 


7 
0111 


5 

BRCLR3 
3 BTB 


5 

BCLR3 

2 BSC 


3 

BEQ 

2 REL 


ASR 

2 DIR 


3 

ASRA 

1 INH 


3 

ASRX 

1 INH 


6 

ASR 

2 ix l 


b 

ASR 




2 

TAX 

1 INH 




STA 

2 DIR 


5 

STA 

3 EXT 


6 

STA 

3 IX2 


STA 

2 1X1 


4 

STA 

1 IX 


7 
0111 


8 

1000 


5 

BRSET4 
3 BTB 


5 

BSET4 

2 BSC 


3 

BHCC 
2 REL 


5 

LSL 

2 DlR 


3 

LSLA 

1 INH 


3 

LSLX 

1 INH 


6 

LSL 

2 1X1 


b 

LSL 

1 IX 




2 

CLC 

1 INH 


2 

EOR 
2 IMM 


3 

EOR 

2 DlR 


4 

EOR 

3 EXT 


5 

EOR 

3 IX2 


EOR 

2 IXI 


3 

EOR 

1 IX 


8 

1000 


a 

1001 


5 

BRCLR4 
3 BTB 


5 

BCLR4 

2 BSC 


3 

BHCS 
2 REL 


6 

ROL 

2 DlR 


3 

ROLA 

1 INH 


3 

ROLX 

1 INH 


6 

ROL 

2 ixl 


b 

ROL 




2 

SEC 


2 

ADC 


3 

ADC 

2 DlR 


ADC 

3 EXT 


5 

ADC 

3 IX2 


ADC 

2 1X1 


i 

ADC 


9 

1001 


A 

1010 


5 

BRSET5 

3 BTH 


5 

BSET5 

2 BSC 


3 

BPL 

2 REL 


5 

DEC 

2 DIR 


3 

DECA 


3 

DECX 


6 

DEC 

2 1X1 


b 

^ DEC 




2 

CLI 


1 

ORA 

2 IMM 


3 

ORA 

2 DIR 


4 

ORA 

J EXT 


5 

ORA 

3 IX2 


ORA 

2 1X1 


3 

ORA 


A 


B 

1011 


BRCLR5 
3 BTB 


6 

BCLR5 

2 BSC 


3 

BMI 

2 REL 














2 

SEI 

1 INH 


2 

ADD 

2 IMM 


3 

ADD 

2 DIR 


4 

ADD 

3 EXT 


5 

ADD 

3 IX2 


ADD 

2 IXI 


3 

ADD 


B 

1011 


c 

1100 


BRSET6 

? PTB 


BSET6 

i esc 


BMC 

2 REL 


5 

INC 

2 DIR 


INCA 

1 INH 


3 

1NCX 

1 INH 


6 

INC 

2 1X1 


b 

INC 




2 

RSP 

1 INH 




2 

JMP 

2 DIR 


3 

JMP 

3 EXT 


JMP 

3 IX2 


JMP 

2 IXI 


2 

JMP 


C 

1100 


D 

1101 


BRCLR6 

3 BTB 


BCLR6 

2 BSC 


3 

BMS 

2 REL 


4 

TST 

2 DlR 


3 

TSTA 

1 INH 


3 

TSTX 

1 INH 


b 

TST 

2 1X1 


TST 

1 IX 




2 

NOP 

1 INH 


6 

BSR 
2 REL 


5 

JSR 

2 DlR 


6 

JSR 

3 EXT 


7 

JSR 

3 IX2 


JSR 

2 IXI 


b 

JSR 


D 
1101 


E 

1110 


BRSET7 
3 BTB 


BSET7 
_2 BSC_ 


3 

BIL 

2 REL 












2 

STOP 

1 INH 




2 

LDX 

2 IMM 


3 

LDX 

2 DlR 


4 

LDX 

3 EXT 


5 

LDX 

3 IX2 


LDX 

2 IXI 


3 

LDX 

1 IX 


E 

1110 


F 

1111 


BRCLR7 
3 STB 


BCLR7 

2 BSC 


3 

BIM 

2 REL 


5 

CLR 

2 DlR 


3 

CLRA 

1 INH 


3 

CLRX 

1 INH 


6 

CLR 

2 1X1 


b 

CLR 

1 IX 


2 

WAIT 

1 INH 


2 

TXA 

1 iNH 




a 

STX 

2 DIR 


5 

STX 
3 EX T 


6 

STX 

3 1X2 


STX 

2 1X1 


4 

STX 

1 IX 


F 
nil 



Abbreviations for Address Modes 



LEGEND 



INH Inherent 

A Accumulator 

X Index Register 

IMM Immediate 

DIR Direct 

EXT Extended 

REL Relative 

BSC Bit Set/Clear 

BTB Bit Test and Branch 

IX Indexed (No Offset) 

1X1 Indexed. 1 Byte (8-Bit) Offset 

1X2 Indexed. 2 Byte (16-Bit) Offset 




# of Cycles 



Opcode in Hexadecimal 

Opcode in Binary 

Address Mode 



CO 



MC146805E2 



INDEX, NO OFFSET 

In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. Thus, this addressing mode can access the first 
256 memory locations. These instructions are only one 
byte long. This mode is often used to move a pointer 
through a table or to hold the address of a frequently 
referenced RAM or I/O location. 

INDEXED, 8-BIT OFFSET 

In the indexed, 8-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this 2-byte in- 
struction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address- 
able locations and could extend as far as location 510 
($1 FE is the last location at which the instruction may 
begin). 

INDEXED, 16-BIT OFFSET 

In the indexed, 16-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 
the opcode. This addressing mode can be used in a man- 
ner similar to indexed, 8-bit offset except that this 3-byte 
instruction allows tables to be anywhere in memory. As 
with direct and extended addressing, the Motorola as- 
sembler determines the shortest form of indexed ad- 
dressing. 

BIT SET/CLEAR 

In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode. The byte following the 
opcode specifies the direct addressing of the byte to which 



the specified bit is to be set or cleared. Thus, any read/ 
write bit in the first 256 locations of memory, including 
I/O, can be selectively set or cleared with a single 2-byte 
instruction. 

CAUTION 

The corresponding DDRs for ports, A and B are 
write only registers (registers at $0004 and $0005). 
A read operation on these registers is undefined. 
Since BSET and BCLR are read-modify-write func- 
tions, these instructions cannot be used to set or 
clear a DDR bit (all "unaffected" bits would be set). 
It is recommended that all DDR bits in a port be 
written using a single-store instruction. 

BIT TEST and BRANCH 

The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 
bit that is to be tested and its condition (set or clear) is 
included in the opcode. The address of the byte to be 
tested is in the single byte immediately following the 
opcode byte. The signed relative 8-bit offset in the third 
byte is added to the PC if the specified bit is set or cleared 
- in the specified memory location. This single 3-byte in- 
struction allows the program to branch based on the con- 
dition of any readable bit in the first 256 locations of 
memory. The span of branching is from -125 to +130 
from the opcode address. The state of the tested bit is 
also transferred to the carry bit of the condition code 
register. 

INHERENT 

In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in- 
structions are one byte long. 



ELECTRICAL SPECIFICATIONS 



MAXIMUM RATINGS (voltages referenced to Vss) 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


vdd 


-0.3 to +8.0 


V 


All Input Voltages except OSC1 


V,n 


Vss -0.5 to 
Vdd + 0-5 


V 


Current Drain Per Pin Excluding 
Vqd and Vss 


I 


10 


mA 


Operating Temperature Range 
MC146805E2 
MC146805E2C 


t a 


T|_ to T H 
Oto 70 
-40 to +85 


°C 


Storage Temperature Range 


T stg 


-55 to +150 


°C 



This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields, however, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than max- 
imum-rated voltages to this high-impedance 
circuit. For proper operation it is recom- 
mended the V m and V ou t be constrained to 
the range Vss « (V, n or V ou t) s Vqq. Reli- 
ability of operation is enhanced if unused in- 
puts are connected to an appropriate logic 
voltage level (e g., either Vss or V DD>- 



THERMAL CHARACTERISTICS 



Characteristic 


Symbol 


Value 


Unit 


Thermal Resistance 


ejA 




°c/w 


Plastic 




100 




Quad Package 




100 
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DC ELECTRICAL CHARACTERISTICS @ 3.0 V (V DD = 3.0 Vdc, V S s = 0, T A = T L to Th, unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Output Voltage dLoad^ 10 - 0 M-A) 


vol 

VOH 


Vdd -0 - 1 


0.1 


V 


Total Supply Current (C[_ = 50 pF - No dc Loads, t C y C = 5 (j.s) 
Run (V| L = 0.2 V, V| H = V DD -0.2 V) 
Wait (Test Conditions — See Note Below) 
Stop (Test Conditions — See Note Below) 


IDD 

Idd 
'dd 




1.3 
200 
100 


mA 
M-A 
|xA 


Output High Voltage 
dLoad = 0 25 mA) A8-A12, B0-B7, DS, AS, R/W 
dLoad = 0.1 mA) PA0-PA7, PB0-PB7 


VOH 
V 0 H 


2.7 
2.7 


— 


V 
V 


Output Low Voltage 
dLoad = 0-25 mA) A8-A12, B0-B7, PB0-PB7, DS, AS, R/W, PA0-PA7 


Vol 




0.3 


V 


Input High Voltage 
PA0-PA7, PB0-PB7, B0-B7 
TIMER, IRQ, RESET 
OSC1 


V|H 
V|H 
V|H 


2.1 
2.5 
2.1 


- 


V 
V 
V 


Input Low Voltage (All Inputs) 


V|L 




0.5 


V 


Frequency of Operation 
Crystal 

External Clock 


fosc 
fosc 


dc 


1.0 
1.0 


MHz 
MHz 


Input Current 
RESET, IRQ, TIMER, OSC1 


lin 




±1 


(xA 


Hi-Z Output Leakage 
PA0-PA7, PB0-PB7, B0-B7 


ITSL 




±10 


jjlA 


Capacitance 
RESET, IRQ, TIMER 


C in 




8.0 


pF 


Capacitance 
DS, AS, R/W, A8-A12, PA0-PA7, PB0-PB7, B0-B7 


C 0 ut 




12.0 


pF 



NOTE: Test conditions for Quiescent Current Values are: 
Port A and B programmed as inputs. 
V| L = 0.2 V for PA0-P A7, PB0 - PB7 , and B0-B7. 
V|H = VDD-0.2 V for RESET, IRQ, and TIMER 
OSC1 input is a squarewave from Vss + 0.2 V to Vrjrj - 0.2 V. 
OSC2 output load (including tester) is 35 pF maximum. 
Wait mode Idd ' s affected linearly by this capacitance. 
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DC ELECTRICAL CHARACTERISTICS @ 5.0 V (V DD = 5.0 Vdc ±10%, V ss = 0, T A = T L to T H , unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Output Voltage OLoad^lO.O M-A) 


vol 
voh 


v D d -o.i 


0.1 


V 


Total Supply Current (C|_=130 pF — On Bus, Cl = 50 pF — On Ports, 
No dc Loads, t cyc = 1.0 |xs, V||_ = 0.2 V, V|h = Vdd-0.2 V) 
Run 

Wait (Test Conditions — See Note Below) 
Stop (Test Conditions — See Note Below) 


'dd 
Idd 
idd 




10 
1.5 
200 


mA 
mA 
M-A 


Output High Voltage 
('Load = 1.6mA) A8-A12, B0-B7, DS, AS, R/W 
dLoad = 0.36 mA) PA0-PA7, PB0-PB7 


Vnu 
v Un 

voh 


4.1 
4.1 


— 


V 
V 


Output Low Voltage 
dLoad = 1-6 mA) A8-A12, B0-B7, PA0-PA7, PB0-PB7, DS, AS, R/W 


vol 


— 


0.4 


V 


Input High Voltage 
PA0-PA7, PB0-PB7, B0-B7 
TIMER, IRQ, RESET 
OSC1 


V|H 
V| H 
V|H 


v D d -2.o 
vdd -o.s 
v D d- i-5 





V 
V 
V 


Input Low Voltage (All Inputs) 


V|L 




0.8 


V 


Frequency of Operation 
Crystal 

External Clock 


fosc 
fosc 




dc 


5.0 
5.0 


MHz 
MHz 


Input Current 
RESET, IRQ, TIMER, OSC1 


"in 




±1 


HA 


Hi-Z Output Leakage 
PA0-PA7, PB0-PB7, B0-B7 


Itsi 




±10 


HA 


Capacitance 
RESET, IRQ, TIMER 


Cjn 




80 


PF 


Capacitance 

DS, AS, R/W, A8-A12, PA0-PA7, PB0-PB7, B0-B7 


c out 




12.0 


pF 



NOTE: Test conditions for Quiescent Current Values are: 
Port A and B programmed as inputs. 
V| L = 0.2 V for PA0-P A7, PB0 - PB7, and B0-B7. 
v IH = V D D-0.2 V for RESET, IRQ, and TIMER. 
OSC1 input is a squarewave from Vss + 0.2 V to Vdd - °- 2 v - 
OSC2 output load (including tester) is 35 pF maximum. 
Wait mode (Idd) is affected linearly by this capacitance. 
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Table 3. Control Timing (Vss=0, Ta=T|_ to Th) 



Characteristic 


Symbol 


V DD = 3.0V 
f osc = 1 MHz 


V DD = 5.0 V ± 10% 
f osc = 5.0 MHz 


Unit 


Min 


Typ 


Max 


Min 


Typ 


Max 


I/O Port Timing — Input Setup Time (Figure 16) 


tPVASL 


500 






250 






ns 


Input Hold Time (Figure 16) 


tASLPX 


100 






100 






ns 


Output Delay Time (Figure 16) 


tASLPV 








0 








0 


ns 


Interrupt Setup Time (Figure 13) 


tlLASL 


2 





_ 


0.4 


— 


— 


(IS 


Crystal Oscillator Startup Time (Figure 12) 


'OXOV 


— 


30 


300 


— 


15 


100 


ms 


Wait Recovery Startup Time (Figure 14) 


l IVASH 


— 




10 


— 


— 


2 




Stop Recovery Startup Time (Crystal Oscillator) 
(Figure 15) 


'I LASH 




30 


300 


— 


15 


100 


ms 


Required Interrupt Release (Figure 13) 


<DSLIH 






5 






1.0 


(J.S 


Timer Pulse Width (Figure 14) 


l TH' tTL 


0.5 






0.5 






tcyc 


Reset Pulse Width (Figure 12) 


tRL 


5.5 






1.5 






(JUS 


Timer Period (Figure 14) 


tTLTL 


1.0 






1.0 






tcyc 


Interrupt Pulse Width Low (Figure 7) 


l ILIH 


1.0 






1.0 






tcyc 


Interrupt Pulse Period (Figure 7) 


l IUL 














tcyc 


Oscillator Cycle Period (1/5 of t cyc ) 


tOLOL 


1000 






200 






ns 


0SC1 Pulse Width High 


tOH 


350 






75 






ns 


OSC1 Pulse Width Low 


tOL 


350 






75 






ns 



*The minimum period t||_||_ should not be less than the number of t cvc cycles it takes to execute the interrupt service routine plus 20 
tcyc cycles. 



Table 4. Bus Timing (TA = T|.to Th, Vss = 0 V) See Figure 11. 



Num 


Characteristics 


f 0 sc = 1 MHz 
V DD = 3.0 V 
50 pF Load 


f 0SC = 5MHz 
Vdd = 5 ° V ±10%, 
1 TTL and 130 pF Load 


Unit 


Min 


Max 


Min 


Max 


1 


Cycle Time 


5000 


dc 


1000 


dc 


ns 


2 


Pulse Width, DS Low 


2800 




560 




ns 


3 


Pulse Width, DS High 


1800 




375 




ns 


4 


Clock Transition 




100 




30 


ns 


8 


R/W 


10 




10 




ns 


9 


Non-Muxed Address Hold 


800 




100 




ns 


11 


R/W Delay from DS Fall 




500 




300 


ns 


16 


Non-Muxed Address Delay from AS Rise 


0 


200 


0 


100 


ns 


17 


MPU Read Data Setup 


200 




115 




ns 


18 


Read Data Hold 


0 


800 


0 


160 


ns 


19 


MPU Data Delay, Write 




0 




120 


ns 


21 


Write Data Hold 


800 




55 




ns 


23 


Muxed Address Delay from AS Rise 


0 


250 


0 


120 


ns 


24 


Muxed Address Valid to AS Fall 


600 




55 




ns 


25 


Muxed Address Hold 


250 


750 


60 


180 


ns 


26 


Delay DS Fall to AS Rise 


800 




160 




ns 


27 


Pulse Width, AS High 


850 




175 




ns 


28 


Delay, AS Fall to DS Rise 


800 




160 




ns 
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MOTOROLA MICROPROCESSOR DATA 
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V D D. 
0SC1_ 

RESET. 

AS. 

DS 



-1920 t r 



toxov ' J: vc 

n n_ 



->RL— -r 



_TL 



n 



n 



n 



n 



n 



n 



n 



_TL 
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Figure 13. IRQ and TCR7 Interrupt Timing 
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Figure 16. I/O Port Timing 
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ORDERING INFORMATION 

The following table provides generic information pertaining to the package type, temperature, and MC part numbers 
for the MC146805E2. 



Table 5. Generic Information 



Package 


Frequency 






Type 


(MHz) 


Temperature 


Part Number 


Plastic 


1.0 


0°C to 70°C 


MC146805E2P 


P Suffix 


1.0 


-40°C to +85°C 


MC146805E2CP 


PLCC 


1.0 


OX to 70°C 


MC146805E2FN 


FN Suffix 


1.0 


-40°Cto +85°C 


MC146805E2CFN 



PIN ASSIGNMENT 
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Technical Summary 

8-Bit Microcomputer Unit 



The MC146805F2 (CMOS) Microcomputer Unit (MCU) is a member of the MC146805 Family of 
microcomputers. This low cost and low power MCU has parallel I/O capability with pins programm- 
able as input or output. This publication contains condensed information on the MCU; for detailed 
information, refer to M6805 HMOS, M146805 CMOS Family User's Manual (M6805UM(AD2)) or con- 
tact your local Motorola sales office. 

Refer to the block diagram for the hardware features and to the list below for additional features 
available on the MCU. 

• Internal 8-Bit Timer with 7-Bit Programmable Prescaler 

• On-chip Clock 

• Memory Mapped I/O 

• Versatile Interrupt Handling 

• True Bit Manipulation 

• Bit Test and Branch Instruction 

• Vectored Interrupts 



Self-check 

Power-saving STOP and WAIT Modes 
Single 3.0- to 6.0-Volt Supply 
Fully Static Operation 
1089 Bytes of ROM 
64 Bytes of RAM 
20 I/O Ports 




TIMER- 
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TIMER CC 
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REGISTER 
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BLOCK DIAGRAM 

0SC1 0SC2 
A 



RESET 



NUM 



OSCILLATOR 



ACCUMULATOR 
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CODE 




5 


REGISTER 


CC 




STACK 




5 


POINTER 


S 




PROGRAM 






COUNTER 




3 
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PCH 



PROGRAM 
COUNTER 
LOW PCL 



CPU 
CONTROL 
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REGISTER 


REGISTER 




PORT 
C 

REGISTER 



< PCO 

-< PCI 

< PC2 

-* PC3 



1089x8 
ROM 



SELF-CHECK 
ROM 



64x9 RAM 



This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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SIGNAL DESCRIPTION 

Vqq AND Vss 

Power is supplied to the microcomputer using these 
two pins. Vqd is +5 volts (±0.5A) power, and Vss is 
ground. 

NUM 

This pin is intended for use in self-check only. In normal 
operation, this pin is connected to Vss- A resistor of up 
to 10 kilohms to ground may be used if the oscillator is 
32.768 KHz or less. 

IRQ 

This pin is a photomask option with two different choices 
of interrupt triggering sensitivity; level and negative edge 
or negative edge only. Refer to INTERRUPTS for more 
detailed information. 

OSC1, OSC2 

These pins provide control input for the on-chip clock 
oscillator circuit. A crystal, a resistor, or an external signal 
is connected to these pins to provide a system clock. 

CRYSTAL PARAMETERS 





1 MHz 


4 MHz 


Units 


RSMAX 


400 


75 


n 


CO 


5 


7 


pF 


Cl 


0 008 


0012 


/»F 


CrjSCI 


1540 


15 30 


pF 


C0SC2 


1530 


15-25 


pF 


Rp 


10 


10 


m 


Q 


30 k 


40 k 





RC Oscillator 

With this option, a resistor is connected to the oscillator 
pins as shown in Figure 1(b). The relationship between 
R and f osc is shown in Figure 2. 

Crystal 

The circuit shown in Figure 1(a) is recommended when 
using a crystal. Using an external CMOS oscillator is rec- 
ommended when crystals outside the specified ranges 
are to be used. The crystal and components should be 
mounted as close as possible to the input pins to mini- 
mize output distortion and startup stabilization time. Re- 
fer to ELECTRICAL SPECIFICATIONS for Vqd 
specifications. 

External Clock 

An external clock should be applied to the OSC1 input 
with the OSC2 input not connected, as shown in Figure 
1(c). This option may only be used with the crystal os- 
cillator option. The toxOV or tILCH specifications do not 
apply when using an external clock input. 



la) OSCILLATOR WAVEFORM 




lb) CRYSTAL OSCILLATOR CONNECTIONS ANO EQUIVALENT CRYSTAL CIRCUIT 




(cl RC OSCILLATOR CONNECTION* 



Id) EXTERNAL CLOCK SOURCE CONNECTIONS 



MC1467805F2 
0SC1 0SC2 



1 w. 1 



MC1467805F2 
0SC1 0SC2 



•Approximately 10% to 25% accuracy 
(excludes resistor tolerance) 
external register 



UNCONNECTED 
-< EXTERNAL CLOCK 



Figure 1. Oscillator Connections 
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1 10 
RESISTANCE IK OHMS) 

Figure 2. Typical Frequency vs Resistance 
for RC Oscillator Option Only 



TIMER 

This pin is used as an external input to control the 
internal timer/counter circuitry. 



RESET 



This pin has a Schmitt trigger input a nd an on-chip 
pullup. The MCU can be reset by pulling RESET low. 

INPUT/OUTPUT LINES (PA0-PA7, PB0-PB7, PC0-PC3) 

These 20 lines are arranged into two 8-bit ports (A and 
B) and one 4-bit port (C). Port A and Port B are programm- 
able as either inputs or outputs under software control 
of the data direction registers. Port C is fixed input ports 
and not controlled by any data register. Refer to PRO- 
GRAMMING for additional information. 



PROGRAMMING 

INPUT/OUTPUT PROGRAMMING 

Ports A and B are programmable as either input or 
output under software control of the corresponding write- 
only data direction register (DDR). The port I/O program- 
ming is accomplished by writing the corresponding bit 
in the port DDR to a logic 1 for output and a logic 0 for 
input. On reset, all the DDRs are initialized to a logic 0 
state to put the ports in the input mode. The port output 
registers are not initialized on reset and should be written 
to before setting the DDR bits. 



When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Care must 
be exercised when using read-modify-write instructions 
since the data read corresponds to the pin level if the 
DDR is an input (0) and also to the latched output when 
the DDR is an output (1 ). Refer to Table 1 for I/O functions 
and to Figure 3 for typical port circuitry. 



MEMORY 

The MCU is capable of addressing 2048 bytes of mem- 
ory and I/O registers. The memory map is shown in Figure 
4. The locations consist of self-check ROM, user ROM, 
user RAM, a timer control register, and I/O. The interrupt 
vectors are located from $7F8 to $7FF. 

The shared stack area is used during processing of an 
interrupt or subroutine call to save the CPU state. The 
stack pointer decrements during pushes and increments 
during pulls. Refer to INTERRUPTS for additional infor- 
mation. 

NOTE 

Using the shared stack area for data storage or tem- 
porary work locations requires care to prevent it 
from being overwritten due to stacking from an in- 
terrupt or subroutine call. 

REGISTERS 

The MCU contains the registers described in the fol- 
lowing paragraphs. 

ACCUMULATOR (A) 

The accumulator is a general purpose 8-bit register 
used to hold operands and results of arithmetic calcu- 
lations or data manipulations. 



INDEX REGISTER (X) 

The index register is an 8-bit register used for the in- 
dexed addressing mode. It contains an 8-bit value that 



Table 1. I/O Pin Functions 



R/W* 


DOR 


I/O Pin Functions 


0 


0 


The I/O pin is in input mode. Data is written into the output data 
latch. 


0 


1 


Data is written into the output data latch and output to the I/O 
pin. 


1 


0 


The state of the I/O pin is read. 


1 


1 


The I/O pin is in an output mode. The output data latch is read. 



*R/W is an internal signal. 
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INTERAL 
MC146805F2 
CONNECTIONS 



DATA DIRECTION 
REGISTER 
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OUTPUT 
DATA 
LATCH 




(B) 





I/O PIN 




TYPICAL PORT 


7 


6 
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1 


0 


DATA DIRECTION 


DDR 7 


DDR 6 


DDR 5 


DDR 4 


DDR 3 


DDR 2 


DDR 1 


DDR 0 


REGISTER 



















TYPICAL PORT 
REGISTER 



rTTTTTTT 

PIN P7 P6 P5 P4 P3 P2 PI PO 

Figure 3. Typical Port I/O Circuitry and Register Configuration 



may be added to an 8- or 16-bit immediate value to create 
an effective address. The index register may also be used 
as a temporary storage area. 



PROGRAM COUNTER (PC) 

The program counter is an 1 1-bit register that contains 
the address of the next byte to be fetched. 



10 



8 7 



PCH 



PCL 



STACK POINTER (SP) 

The stack pointer is an 1 1-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set at location $07F. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

The six most-significant bits of the stack pointer are 
permanently set at 000011. Subroutines and interrupts 
may be nested down to location $061 (31 bytes maxi- 
mum), which allows the programmer to use up to 15 
levels of subroutine calls (less if interrupts are allowed). 

10 5 4 0 



0 


0 


0 


0 


1 


1 


SP 



CONDITION CODE REGISTER (CC) 

The condition code register is a 5-bit register in which 
four bits are used to indicate the results of the instruction 
just executed. These bits can be individually tested by a 
program, and specifications can be taken as a result of 
their state. Each bit is explained in the following para- 
graphs. 

4 0 



H 


1 


N 


Z 


c 



Half Carry (H) 

This bit is set during ADD and ADC operations to in- 
dicate that a carry occurred between bits 3 and 4. 

Interrupt (I) 

When this bit is set, the timer and external interrupt is 
masked (disabled). If an interrupt occurs while this bit is 
set, the interrupt is latched and is processed as soon as 
the interrupt bit is cleared. 

Negative (N) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative 
(bit 7 in the result is a logic 1). 

Zero (Z) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 
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ACCESS 

VIA 
PAGE 0 
DIRECT 
ADDRESSING 



USER 
DEFINED 
INTERRUPT 
VECTORS 



1206 
1207 



1279 
1280 



1919 
1920 



2037 
2038 



I/O PORTS 
TIMER RAM 



1079 BYTES 
USER ROM 



73 BYTES 
SELF-CHECK ROM 



640 BYTES 
UNUSED* 



118 BYTES 
SELF-CHECK ROM 



TIMER INTERRUPT FROM WAIT STATE ONLY 
TIMER INTERRUPT 



EXTERNAL INTERRUPT 



SWI 



RESET 



$0000 


0 
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$O07F 
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$0080 
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$00FF 
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$0100 


5 




6 




7 




8 
9 


S04B6 


10 


S04B7 




$04FF 




$0500 


63 




64 


$077F 




$0780 


95 




96 


$07F5 





$07F6 $07F7 
i 

$07F8 $07F9 
I 

$07FA $07FB 
I 

$07FC $07FD 
i 

$07FE $07FF 



127 



*READS OF UNUSED LOCATIONS UNDEFINED 



Figure 4. Memory Map 



PORT A DATA REGISTER 



PORT B DATA REGISTER 



1111 



PORT C 



UNUSED* 



PORT A DATA DIRECTION REGISTER 



PORT B DATA DIRECTION REGISTER 



UNUSED* 



UNUSED* 



TIMER DATA REGISTER 



TIMER CONTROL REGISTER 



54 BYTES 
UNUSED* 



RAM 
(64 BYTES) 



STACK (32 BYTES MAX) 

_t 



$0000 
$0001 
$0002 
$0003 
$0004 
$0005 
$0006 
$0007 
$0008 
$0009 
$000A 



$003F 
$0040 



$003F 
$0060 




S007F 



Carry/Borrow (C) 

When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during 
bit test and branch instructions, and during shifts and 
rotates. 



SELF CHECK 

The self check is initiated by tying NUM and TIMER 
pins to a logic "1", and then executing a reset. The fol- 
lowing tests are executed automatically: 

I/O — Functionally exercise ports A, B, and C 

RAM — Walking bit test 

ROM — Exclusive OR with ODD "1s" parity result 
Timer — Functionally exercise timer 
Interrupts — Functionally exercise external and timer 
interrupts 

The RAM self check, ROM checksum, and timer test 
are available to the user and do not require any external 
hardware. 



RESETS 

The MCU can be reset two ways: b y init ial pow er-up 
and by the external reset input (RESET). The RESET in put 
cons ists mainly of a Schmitt trigger that senses the RE- 
SET line logic level. 

POWER-ON-RESET (POR) 

An internal reset is generated on power-up that allows 
the internal clock generator to stabilize. The power-on 
reset is used strictly for power turn-on conditions and 
should not be used to detect any drop in the power supply 
voltage. There is a 1 920 t cv c delay after the oscillator 
becomes active. If the RESET pin is low at the end of 1 920 
tcyo tn e MCU will remain in the reset condition until 
RESET goes high. 

EXTERNAL RESET INPUT 

The MCU is reset when a logic zero is applied to the 
RESET input for a period longer than one machine cycle 
(tcyc>- Under this type of reset, the Schmitt trigger switches 
off at Vires - t0 provide an internal reset voltage. 
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INTERRUPTS 

The MCU can be interrupted three different ways: (1) 
through the external interrupt IRQ input pin, (2) with the 
internal timer interrupt request, or (3) using the software 
interrupt instruction (SWI). 

Interrupts cause the processor registers to be saved on 
the stack and the interrupt mask (I bit) set to prevent 
additional interrupts. The RTI instruction causes the reg- 
ister contents to be recovered from the stack, and then 
normal processing resumes. The stacking order is shown 
in Figure 5. 




1 | 1 | 1 | CONDITION CODE REGISTER 



ACCUMULATOR 



INDEX REGISTER 



0 | 0 | 0 | 0 | 0 | pch" 



PCI 



STACK 



UNSTACK 



NOTE: Since the stack pointer decrements during pushes, the PCL is 
stacked first, followed by PCH, etc. Pulling from the stack is 
in the reverse order. 

Figure 5. Interrupt Stacking Order 



Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted, but are con- 
sidered pending until the current instruction is complete. 

NOTE 

The current instruction is considered to be the one 
already fetched and being operated on. 

When the current instruction is complete, the processor 
checks all pending hardware interrupts and if unmasked 
(I bit clear) proceeds with interrupt processing; other- 
wise, the next instruction is fetched and executed. Masked 
interrupts are latched for later interrupt service. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex- 
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction if the I bit is set (hardware 
interrupts masked). Refer to Figure 6 for the reset and 
interrupt instruction processing sequence. 

TIMER INTERRUPT 

If the timer mask bit (TCR6) is cleared, then each time 
the timer decrements to zero (transitions from $01 to $00) 
an interrupt request is generated. The actual processor 
interrupt is generated only if the interrupt mask bit of the 
condition code register (CCR) is also cleared. When the 
interrupt is recognized, the current state of the machine 
is pushed onto the stack and the I bit in the CCR is set, 
masking further interrupts until the present one is serv- 
iced. The contents of the timer interrupt vector, contain- 
ing the location of the timer interrupt service routine, is 
then loaded into the program counter. At the end of the 



timer interrupt service routine, the software normally ex- 
ecutes an RTI instruction which restores the machine state 
and starts executing the interrupted program. 

EXTERNAL INTERRUPT 

It the interrupt mask bit (I bit) of the condition code 
register is set, all interrupts are disabled. Clearing the I 
bit enables the external interrupts. The external interrupt 
is intern ally synchronized and then latched on the falling 
edge of IRQ. The action of the external interrupt is iden- 
tical to the timer interrup t wi th the exception that the 
interrupt request input at IRQ is latched internally, and 
the service routine address is specified by the contents 
of $7FA and $7FB. 

Either a level-sensitive and edge-sensitive trigger, or 
an edge-sensitive only trigger are available as mask op- 
tions. Figure 7 shows both a functional and mode timing 
diagram for the interrupt line. The timing diagram shows 
two treatments of the interrupt line to the processor. The 
first method shows a single pulse on the interrupt line 
spaced far enough apart to be serviced. The minimum 
time between pulses is a function of the length of the 
interrupt service. Once a pulse occurs, the next pulse 
should not occur until an RTI occurs. This time (t| li |_) is 
obtained by adding 20 instructions cycles to the total 
number of cycles it takes to complete the service routine. 
The second method shows many interrupt lines "wire- 
ORed" to form the interrupts at the processor. If the in- 
terrupt line remains low after servicing an interrupt, then 
the next interrupt is recognized. 

SOFTWARE INTERRUPT (SWI) 

The SWI is an executable instruction that is executed 
regardless of the state of the I bit in the CCR. If the I bit 
is zero, SWI executes after the other interrupts. The SWI 
is executed similar to the hardware interrupts. 

LOW-POWER MODES 

STOP 

The STOP instruction places the MCU in its lowest power 
consumption mode. In the STOP mode, the internal os- 
cillator is turned off, causing all internal processing and 
the timer to be halted; refer to Figure 8. 

During the STOP mode, timer control register (TCR) 
bits 6 and 7 are altered to remove any pending timer 
interrupt request and to disable any further time inter- 
rupts. The timer prescaler is cleared. The I bit in the con- 
dition code register is cleared to enable external interrupts. 
All other registers and memory remain unaltered. All in- 
put/output lines remain unchanged. The processor can 
only be brought out of the STOP mode by an external 
interrupt or reset. 

WAIT 

The WAIT instruction places the MCU in a low power 
consumption mode, but the WAIT mode consumes 
somewhat more power than the STOP mode. In the WAIT 
mode, the internal clock is disabled from all internal cir- 
cuitry except for the timer; refer to Figure 9. Thus, all 
internal processing is halted; however, the timer contin- 
ues to count normally. 
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During the WAIT mode, the I bit in the condition code 
register is cleared to enable interrupts. All other registers, 
memory, and input/output lines remain in their previous 
state. The timer may be enabled to allow a periodic exit 
from the WAIT mode. If an external and a timer interrupt 
occur at the same time, the external interrupt is serviced 
first; then, if the timer interrupt request is not cleared in 
the external interrupt routine, the normal timer interrupt 
(not the timer wait interrupt) is serviced since the MCU 
is no longer in the WAIT mode. 



TIMER 

The MCU consists of an 8-bit software programmable 
counter driven by a 7-bit software programmable pres- 
caler. The various timer sources are made via the timer 
control register (TCR). The 8-bit counter may be loaded 
under program control and is decremented toward zero. 
When the timer reaches zero, the timer interrupt request 
bit (bit 7) in the timer control register (TCR) is set. Refer 
to Figure 10 for timer block diagram. 



MOTOROLA MICROPROCESSOR DATA 



MC146805F2 



(a) INTERRUPT FUNCTIONAL DIAGRAM 



INTERRUPT PIN • 



LEVEL SENSITIVE 
MASK OPTION 



VqD 

U 



D Q 




I BIT ICC) 




POWER ON RESET 

EXTERNAL RESET 

EXTERNAL INTERRUPT 

BEING SERVICED IREAD OF VECTORSI 



Ibl INTERRUPT MODE DIAGRAM 



IRQ 



•«ILIH 



llLIL ' 



IRQIMPUI 



IRQ) 



TLIH 



Edge Condition 
The minimum pulse width Uilih) is one t cvc . 
The period t|U(_ should not be less than the 
number of t cyc cycles it takes to execute the in- 
terrupt service routine plus 20 t cvc cycles 

Mask Optional Level Sensitive 
If after servicing an interrupt the IRQ remains 
low, then the next interrupt is recognized. 



NORMALLY USED 
WITH WIRE ORED 
CONNECTION 



Figure 7. External Interrupt 
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^ STOP ^ 



STOP OSCILLATOR 
AND ALL CLOCKS 
TCR BIT 7-0 
BIT 6-1 
CLEAR I MASK 



NO 





NO 



EXTERNAL 
INTERRUPT' 



YES 



YES 



TURN ON OSCILLATOR 

WAIT FOR TIME 
DELAY TO STABILIZE 



FETCH EXTERNAL 
INTERRUPT OR 
RESET VECTOR 




Figure 8. STOP Function Flowchart 



The timer interrupt can be masked (disabled) by setting 
the timer interrupt mask bit (bit 6) in the TCR. When the 
I bit in the condition code register is cleared, the proces- 
sor receives the interrupt. The MCU responds to this in- 
terrupt by 1) saving the present CPU state on the stack, 
2) fetching the timer interrupt vector, and 3) executing 
the interrupt routine. The timer interrupt request bit must 
be cleared by software. Refer to RESETS and INTER- 
RUPTS for additional information. 

The prescaler is a 7-bit divider which is used to extend 
the maximum length of the timer. To avoid truncation 
errors, the prescaler is cleared when TCR bit 3 is set to 
a logic 1 ; however, the TCR bit 3 always reads as a logic 
0 to ensure proper operation with read-modify-write in- 
structions. 

The timer continues to count past zero, falling from $00 
through $FF, and continues the countdown. The counter 
can be read at any time by reading the timer data register 



(TDR). This allows a program to determine the length of 
time since a timer interrupt has occurred without dis- 
turbing the counting process. 

SOFTWARE CONTROLLED MODE 

The timer prescaler input can be configured for three 
different operating modes plus a disable mode, depend- 
ing on the value written to TCR control bits 4 and 5 (TCR4 
and TCR5). The following paragraphs describe the dif- 
ferent modes. 

Timer Input Mode 1 

When TCR4 and TCR5 are both programmed to zero, 
the timer input is from the internal clock (phase 2) and 
the timer input pin is disabled. The internal clock mode 
can be used for periodic interrupt generation as well as 
a reference for frequency and event measurement. Dur- 
ing the WAIT instruction, the internal clock to the timer 
continues to run at its normal rate. 
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Timer Input Mode 2 

When TCR4 = 1 and TCR5 = 0, the internal clock and the 
timer input signals are ANDed to form the timer input. 
This mode can be used to measure external pulse widths. 
The external pulse gates in the internal clock for the du- 
ration of the external pulse. The accuracy of the count is 
±1. 

Timer Input Mode 3 

When TCR4 = 0 and TCR5 = 1, no prescaler input fre- 
quency is applied to the prescaler and the timer is dis- 
abled. 

Timer Input Mode 4 

When TCR4 and TCR5 are both one, the timer input is 
from the external clock. The external clock can be used 
to count external events as well as to provide an external 
frequency for generating periodic interrupts. 



TCR2, TCR1, TCRO — Prescaler select bits 

Decoded to select one of eight outputs of the pres- 
caler. 



Prescaler 



TCR2 


TCR1 


TCRO 


Result 


0 


0 


0 


-1 


0 


0 


1 


-2 


0 


1 


0 


-4 


0 


1 


1 


-8 


1 


0 


0 


-16 


1 


0 


1 


-32 


1 


1 


0 


-64 


1 


1 


1 


-128 



TIMER CONTROL REGISTER (TCR) $009 

This is an 8-bit register that controls various functions 
such as configuring operation mode, setting ratio of the 
prescaler, and generating timer interrupt request signal. 
All bits are read/write except bit 3. 



7 


6 


5 


4 


3 


2 


1 


0 


TCR7 


TCR6 


TCR5 


TCR4 


TCR3 


TCR2 


TCR1 


TCRO 


RESET 
0 


1 


U 


U 


U 


U 


U 


U 



TCR7 — Timer Interrupt Request 

Used to indicate the timer interrupt when it is logic 
one. 

1 = Set when the timer data register changes to all 
zeros. 

0 = Cleared by external reset, power-on reset, or 

under program control. 

TCR6 — Timer Interrupt Mask 

Used to inhibit the timer interrupt. 

1 = Interrupt inhibited. 

0 = Interrupt enabled. 

TCR5 — External or Internal 
Selects input clock source. 

1 = External clock selected. 

0 = Internal clock selected (fosc/4). 

TCR4 — TIMER External Enable 

Used to enable external TIMER pin or to enable the 
internal clock. 

1 = Enables external timer pin. 
0 = Disables external timer pin. 

TCR3 — Prescaler Clear 

Write only bit. Writing a 1 to this bit resets the pres- 
caler to zero. A read of this location always indicates 
a zero. 



INSTRUCTION SET 

The MCU has a set of 61 basic instructions which can 
be divided into five different types: register/memory, read- 
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 

REGISTER/MEMORY INSTRUCTIONS 

Most of these instructions use two operands. One op- 
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 
jump to subroutine (JSR) instructions have no register 
operand. Refer to the following instruction listing. 




Function 


Mnemonic 


Load A from Memory 


LDA 


Load X from Memory 


LDX 


Store A in Memory 


STA 


Store X in Memory 


STX 


Add Memory to A 


ADD 


Add Memory and Carry to A 


ADC 


Subtract Memory 


SUB 


Subtract Memory from A with Borrow 


SBC 


AND Memory to A 


AND 


OR Memory with A 


ORA 


Exclusive OR Memory with A 


EOR 


Arithmetic Compare A with Memory 


CMP 


Arithmetic Compare X with Memory 


CPX 


Bit Test Memory with A (Logical Compare) 


BIT 


Jump Unconditional 


JMP 


Jump to Subroutine 


JSR 
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READ-MODIFY-WRITE INSTRUCTIONS 

These instructions read a memory location or a reg- 
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following listing of instructions. 




Function 


Mnemonic 


Increment 


INC 


Decrement 


DEC 


Clear 


CLR 


Complement 


COM 


Negate (2's Complement) 


NEG 


Rotate Left Thru Carry 


ROL 


Rotate Right Thru Carry 


ROR 


Logical Shift Left 


LSL 


Logical Shift Right 


LSR 


Arithmetic Shift Right 


ASR 


Test for Negative or Zero 


TST 



BRANCH INSTRUCTIONS 

This set of instructions branches if a particular condi- 
tion is met; otherwise, no operation is performed. Branch 
instructions are two byte instructions. Refer to the fol- 
lowing listing of branch instructions. 



Function 


Mnemonic 


Branch Always 


BRA 


Branch Never 


BRN 


Branch if Higher 


BHI 


Branch if Lower or Same 


BLS 


Branch if Carry Clear 


BCC 


(Branch if Higher or Same) 


(BHS) 


Branch if Carry Set 


BCS 


(Branch if Lower) 


(BLO) 


Branch if Not Equal 


BNE 


Branch if Equal 


BEQ 


Branch if Half Carry Clear 


BHCC 


Branch if Half Carry Set 


BHCS 


Branch if Plus 


BPL 


Branch if Minus 


BMI 


Branch if Interrupt Mask Bit is Clear 


BMC 


Branch if Interrupt Mask Bit is Set 


BMS 


Branch if Interrupt Line is Low 


BIL 


Branch if Interrupt Line is High 


BIH 


Branch to Subroutine 


BSR 



BIT MANIPULATION INSTRUCTIONS 

The MCU is capable of setting or clearing any bit which 
resides in the first 256 bytes of the memory space, where 
all port registers, port DDRs, timer, timer control, and on- 
chip RAM reside. An additional feature allows the soft- 
ware to test and branch oh the state of any bit within 
these 256 locations. The bit set, bit clear and bit test, and 
branch functions are all implemented with a single in- 
struction. For test and branch instructions, the value of 
the bit tested is also placed in the carry bit of the condition 
code register. Refer to the following listing of bit manip- 
ulation instructions. 



Function 


Mnemonic 


Branch if Bit n is Set 


BRSETn(n = 0...7) 


Branch if Bit n is Clear 


BRCLRn(n = 0...7) 


Set Bit n 


BSET n (n-0 . . . 7) 


Clear Bit n 


BCLR n (n = 0 . . . 7) 



CONTROL INSTRUCTIONS 

These instructions are register reference instructions 
and are used to control processor operation during pro- 
gram execution. Refer to the following listing of control 
instructions. 



Function 


Mnemonic 


Transfer A to X 


TAX 


Transfer X to A 


TXA 


Set Carry Bit 


SEC 


Clear Carry Bit 


CLC 


Set Interrupt Mask Bit 


SEI 


Clear Interrupt Mask Bit 


CLI 


Software Interrupt 


SWI 


Return from Subroutine 


RTS 


Return from Interrupt 


RTI 


Reset Stack Pointer 


RSP 


No-Operation 


NOP 


Stop 


STOP 


Wait 


WAIT 



OPCODE MAP SUMMARY 

Table 2 is an opcode map for the instructions used on 
the MCU. 



ADDRESSING MODES 

The MCU uses ten different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code cov- 
ersion tables, and scaling tables anywhere in the memory 
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space. Short indexed accesses are single byte instruc- 
tions, while the longest instructions (three bytes) permit 
accessing tables throughout memory. Short and long ab- 
solute addressing is also included. Two byte direct ad- 
dressing instructions access all data bytes in most 
applications. Extended addressing permits jump instruc- 
tions to reach all memory. 

The term "effective address" (EA) is used in describing 
the various addressing modes. Effective address is de- 
fined as the address from which the argument for an 
instruction is fetched or stored. 

IMMEDIATE 

In the immediate addressing mode, the operand is con- 
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize a loop counter). 

DIRECT 

In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 

EXTENDED 

In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. When using 
the Motorola assembler, the user need not specify whether 
an instruction uses direct or extended addressing. The 
assembler automatically selects the shortest form of the 
instruction. 

RELATIVE 

The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8- 
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from -126 to +129 from 
the opcode address. The programmer need not calculate 
the offset when using the Motorola assembler, since it 
calculates the proper offset and checks to see that it is 
within the span of the branch. 

INDEX, NO OFFSET 

In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. Thus, this addressing mode can access the first 
256 memory locations. These instructions are only one 
byte long. This mode is often used to move a pointer 
through a table or to hold the address of a frequently 
referenced RAM or I/O location. 

INDEXED, 8-BIT OFFSET 

In the indexed, 8-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 



opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this 2-byte in- 
struction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address- 
able locations and could extend as far as location 510 
($1 FE is the last location at which the instruction may 
begin). 

INDEXED, 16-BIT OFFSET 

In the indexed, 16-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 
the opcode. This addressing mode can be used in a man- 
ner similar to indexed, 8-bit offset except that this 3-byte 
instruction allows tables to be anywhere in memory. As 
with direct and extended addressing, the Motorola as- 
sembler determines the shortest form of indexed ad- 
dressing. 

BIT SET/CLEAR 

In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode. The byte following the 
opcode specifies the direct addressing of the byte to which 
the specified bit is to be set or cleared. Thus, any read/ 
write bit in the first 256 locations of memory, including 
I/O, can be selectively set or cleared with a single 2-byte 
instruction. 

CAUTION 

The corresponding DDRs for ports, A and B are 
write only registers (registers at $005 and $006). A 
read operation on these registers is undefined. Since 
BSET and BCLR are read-modify-write functions, 
these instructions cannot be used to set or clear a 
DDR bit (all "unaffected" bits would be set). It is 
recommended that all DDR bits in a port be written 
using a single-store instruction. 

BIT TEST AND BRANCH 

The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 
bit that is to be tested and its condition (set or clear) is 
included in the opcode. The address of the byte to be 
tested is in the single byte immediately following the 
opcode byte. The signed relative 8-bit offset in the third 
byte is added to the PC if the specified bit is set or cleared 
in the specified memory location. This single 3-byte in- 
struction allows the program to branch based on the con- 
dition of any readable bit in the first 256 locations of 
memory. The span of branching is from -125 to +130 
from the opcode address. The state of the tested bit is 
also transferred to the carry bit of the condition code 
register. 

INHERENT 

In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in- 
structions are one byte long. 
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ELECTRICAL SPECIFICATIONS 



MAXIMUM RATINGS (Voltages Referenced to V S s) 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


vdd 


-03 to +6.0 


V 


All Input Voltages except OSC1 


v in 


Vss -o.5 to Vqd +o.5 


V 


Current Drain Per Pin Excluding Vdd 
and Vss 


i 


10 


mA 


Operating Temperature Range 
MC146805F2 
MC146805F2C 


ta 


T L to T H 
0 to 70 
-40 to +85 


°C 


Storage Temperature Range 


T stg 


-55 to +150 





This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields; however, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than max- 
imum-rated voltages to this high-impedance 
circuit. For proper operation it is recom- 
mended the V| n and V ou t be constrained to 
the range Vss 55 < v in or V ou t> 55 Vdd- Reli- 
ability of operation is enhanced if unused in- 
puts except OSC2 and Vpp are connected to 
an appropriate logic voltage level (e.g., either 
Vss or V DD>- 



THERMAL CHARACTERISTICS 



Characteristic 


Symbol 


Value 


Unit 


Thermal Resistance 








Plastic 




115 




Cerdip 


ejA 


65 


°C/W 


Quad Package 




TBD 





DC ELECTRICAL CHARACTERISTICS (Vdd = 5.0 Vdc ± 10%, Vss = 0 Vdc, Ta = Tl to Th unless otherwise noted) 



Characteristic 


Symbol 


Min I Max 


Unit 


Output Voltage, iLoad^lO.O M- A 


vol 

VOH 


v D d -o.i 


0 1 


V 


Output High Voltage (lLoad= -200 pA) PA0-PA7, PB0-PB7 


VOH 


4.1 




v 


Output Low Voltage (l|_oad = 800 pA) PA0-PA7, PB0-PB7 


vol 




0.4 


V 


Input High Voltage 

Ports PA0-PA7, PB0-PB7, PC0-PC3 
TIMER, IRQ, RESET, OSC1 


V|H 


vdd -2.o 
v D d -0 8 


v D d 
v D d 


V 


Input Low Voltage (All Inputs) 


V|L 


vss 


08 


V 


Total Supply Current (Cl = 50 pF on Ports, no dc Loads, t C y C = 1 \xs) 
RUN (V| L = 0.2 V, V|H = V D D-0.2 V) 
WAIT (See Note) 
STOP (See Note) 


Idd 




4 

1.5 
150 


mA 
mA 
pA 


I/O Ports Input Leakage — PA0-PA7, PB0-PB7 


IlL 




±10 


M-A 


Input Current — RESET, IRQ, TIMER, OSC1, PC0-PC3 


■in 




±1 


HA 


Output Capacitance — Ports A and B 


Cout 




12 


pF 


Input Capacitance — RESET, IRQ, TIMER, OSC1, PC0-PC3 


Cm 




8 


pF 



NOTE: 

Test conditions for Idd are as follows: 

All ports programmed as inputs 

V|L = 0.2 V (PA0-PA7, PB0-PB7, PC 0-PC3) 

V|H=VDD-0.2 V for RESET, IRQ, and TIMER 
OSC1 input is a square wave from 0.2 V to Vdd -0.2 v (for WAIT Idd measurement only) 
OSC2 output load = 20 pF (WAIT Idd is affected linearly by the OSC2 capacitance) 
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Table 8. Control Timing (Vdd = 5.0 Vdc ±10%, Vss=0, Ta=T|_ to T"h, f 0 sc= 4 MHz - *cyc = 1 



Characteristic 


Symbol 




Max 


Unit 


Crystal Oscillstor Startup Time (see Figure 15) 


toxov 




100 


ms 


Stop Recovery Startup Time — Crystal Oscillator (See Figure 16) 


t|LCH 




100 


ms 


Timer Pulse Width (see Figure 14) 


l TH' tTL 


0.5 




tcyc 


RESET Pulse Width (see Figure 15) 


tRL 


1.5 




l cyc 


Timer Period (see Figure 14) 


tTLTL 


1.0 




tcyc 


Interrupt Pulse Width Low (see Figure 7) 


*ILIH 


1.0 




tcyc 


Interrupt Pulse Period (see Figure 7) 


tlLIL 






l cyc 


OSC1 Pulse Width 


»OH' tOL 


100 




ns 


Cycle Time 


tcyc 


1000 




ns 


Frequency of Operation 
Crystal 

External Clock 


fosc 


dc 


4.0 
4.0 


MHz 



"The minimum period t||_|L should not be less than the number of t cyc cycles it takes to execute the interrupt service routines plus 
20 t cyc cycles. 



'LOAD 



TEST POINT O- 



50 pF 4= 



MMD6150 
OR EQUIV. 

— M— 



Vdd-4 5 V 
$ 4 27 k 




205k 



^ MMD7000 
OR EQUIV 



Figure 11. Equivalent Test Load 
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Figure 12. Maximum Operating Current vs 
Internal Frequency Ha=Tl to Th) 



Figure 13. Maximum Wait Current vs 
Internal Frequency Oa=Tl to Th) 



MOTOROLA MICROPROCESSOR DATA 



9 100Q 



MC146805F2 




MC146805F2 



0SC2* 



~^< ZZZZZZZZZZZZZ ^ 77 



IRQ 
0R_ 

RESET 



<ILCH 



1920 l cvc 



* Internal timing signals not available externally 
** Represents the internal gating of the OSC1 input pin 



Figure 16. Stop Recovery 



ORDERING INFORMATION 



The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo- 
torola in the following media: 

MDOS, disk file 
MS-DOS/PC-DOS disk file 
EPROM(s)MC1468705F2, 2716, or 2516 

To initiate a ROM pattern for the MCU, it is necessary 
to first contact the local field service office, sales person, 
or Motorola representative. 

NOTE 

The low cost resistor oscillator option is not avail- 
able on B54F mask. 

FLEXIBLE DISKS 

Several types of flexible disks (MDOS® or MS®-DOS/ 
PC-DOS disk file), programmed with the customer pro- 
gram (positive logic sense for address and data), may be 
submitted for pattern generation. In either case, the dis- 
kette should be clearly labeled with the customer's name, 
date, project or product name, and the name of the file 
containing the pattern. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 

MDOS Disk File 

MDOS is Motorola's Disk Operating System available 
on the EXORciser® development system. The disk media 



submitted must be a single-sided, single density, 8-inch 
MDOS compatible floppy diskette. The diskette must con- 
tain the minimum set of MDOS system files in addition 
to the pattern file. 

The .LO output of the M6805 cross assembler should 
be furnished. In addition, the file must be produced (using 
the ROLLOUT command) containing the absolute image 
of the M6805 memory. It is necessary to include the entire 
memory image of both data and program space. All un- 
used bytes, including those in the user space, must be 
set to zero. 

MS-DOS/PC-DOS Disk File 

MS-DOS is Microsoft's Disk Operating System. PC-DOS 
is IBM® Personal Computer (PC) Disk Operating System. 
Disk media submitted must be a standard density (360K) 
double-sided 5 1/4 inch compatible floppy diskette. The 
diskette must contain object file code in Motorola's S- 
record format. The S-record format is a character-based 
object file format generated by M6805 cross assemblers 
and linkers on IBM PC style machines. 

EPROMs 

A MC1468705F2, 2716, or 2516 type EPROM, pro- 
grammed with the customer's program (positive logic 
sense for address and data), may be submitted for pattern 
generation. Since all program and data space information 
will fit on one of these EPROM devices, the EPROM must 
be programmed as described in the following para- 
graphs. 

The program space ROM must start at EPROM address 
$080. If the customer program starts at any other address, 



MDOS is a trademark of Motorola Inc. 
MS-DOS is a trademark of Microsoft, Inc. 
EXORciser® is a registered trademark of Motorola Inc. 
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the EPROM must be marked accordingly. All unused bytes, 
including the user's space, must be set at zero. For ship- 
ment to Motorola, EPROMs should be placed in a con- 
ductive IC carrier and packed securely. Styrofoam is not 
acceptable for shipment. 

EPROM MARKING 

XXX 



080 



XXX- Customer ID 

VERIFICATION MEDIA 

All original pattern media (EPROMs or floppy disk) are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 



returned along with a listing verification form. The listing 
should be thoroughly checked, and the verification form 
should be completed, signed, and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for creation of the customer mask. To aid in 
the verification process, Motorola will program customer 
supplied blank EPROM(s) or DOS disks from the data file 
used to create the custom mask. 

ROM VERIFICATION UNITS (RVUs) 

Ten MCUs containing the customer's ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask but are for the pur- 
pose of ROM verification only. For expediency, the MCUs 
are usually unmarked, packaged in ceramic, and tested 
with five volts at room temperature. These RVUs are free 
with a minimum order quantity but are not production 
parts. These RVUs are not guaranteed by Motorola Qual- 
ity Assurance. 

ORDERING INFORMATION 

The following table provides generic information per- 
taining to the package type, temperature, and MC order 
numbers for the MC146805F2. 



Table 3. Generic Information 



Package Type 


Frequency (MHz) 


Temperature 


Order Number 


Plastic 


4.0 


0° to 70°C 


MC146805F2P 


P Suffix 


4.0 


-40° to +85°C 


MC146805F2CP 


PLCC 


4.0 


0° to 70X 


MC146805F2FN 


FN Suffix 


4.0 


-40° to +85°C 


MC146805F2CFN 


Cerdip 


4.0 


0° to 70°C 


MC146805F2S 


S Suffix 


40 


- 40° to + 85°C 


MC146805F2CS 



PIN ASSIGNMENTS 

28-Pin Dual-in-Line Package 



Quad Pin Out 




oo 
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Technical Summary 

8-Bit Microcontroller Unit 



The MC146805G2 (CMOS) Microcomputer Unit (MCU) is a member of the MC146805 Family of 
microcomputers. This low cost and low-power MCU has parallel I/O capability with pins programm- 
able as input or output. This publication contains condensed information on the MCU; for detailed 
information, refer to M6805 HMOS, M146805 CMOS Family User's Manual (M6805UM(AD2)) or con 
tact your local Motorola sales office. 

Refer to the block diagram for the hardware features and to the below list for additional features 
available on the MCU. 

• Internal 8-Bit Timer with 7-Bit Programmable Prescaler 

• On-chip Oscillator 

• Memory Mapped I/O 

• Versatile Interrupt Handling 

• True Bit Manipulation 

• Bit Test and Branch Instruction 

• Vectored Interrupts 
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SIGNAL DESCRIPTION 

V DD AND V S s 

Power is supplied to the microcontroller using these 
two pins. Vqd is +5 volts (±0.5A) power, and Vss is 
ground. 

NUM 

This pin is intended for use in self-check only. In normal 
operation, this pin is connected to V$S- 

IRQ 

This pin is a photomask option with two different choices 
of interrupt triggering sensitivity: level-sensitive and neg- 
ative edge-sensitive, or negative edge-sensitive only. Re- 
fer to INTERRUPTS for more detailed information. 

OSC1, OSC2 

These pins provide control input for the on-chip clock 
oscillator circuit. A crystal, a ceramic resonator, or an 
external signal is connected to these pins to provide a 
system clock. 



Crystal 

The circuit shown in Figure 1 (b) is recommended when 
using a crystal. Using an external CMOS oscillator is rec- 
ommended when crystals outside the specified ranges 
are to be used. The crystal and components should be 
mounted as close as possible to the input pins to mini- 
mize output distortion and startup stabilization time. Re- 
fer to ELECTRICAL SPECIFICATIONS for Vqd 
specifications. 

External Clock 

An external clock should be applied to the OSC1 input 
with the OSC2 input not connected, as shown in Figure 
1(d). This option may only be used with the crystal os- 
cillator option selected in the mask option register. The 
l OXOV or t|LCH specifications do not apply when using 
an external clock input. 

TIMER 

This pin is used as an external input to control the 
internal timer/counter circuitry. 



RESET 

This pin has a Schmitt trigger input and an on-chip 
pullup. The MCU can be reset by pulling RESET low. 
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Figure 1. Oscillator Connections. 
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INPUT/OUTPUT LINES (PA0-PA7, PB0-PB7, PC0-PC7, PDO- 
PD7) 

These 32 lines are arranged into four 8-bit ports (A B, 
C, and D). All ports are programmable as either inputs 
or outputs under software control of the data direction 
registers. Refer to PROGRAMMING for additional infor- 
mation. 

PROGRAMMING 

INPUT/OUTPUT PROGRAMMING 

Any port pin is programmable as either input or output 
under software control of the corresponding data direc- 
tion register (DDR). The port I/O programming is accom- 
plished by writing the corresponding bit in the port DDR 
to a logic 1 for output and a logic 0 for input. On reset, 
all the DDRs are initialized to a logic 0 state to put the 
ports in the input mode. The port output registers are not 
initialized on reset, and should be written to before set- 
ting the DDR bits. 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Care must 
be exercised when using read-modify-write instructions 
since the data read corresponds to the pin level if the 
DDR is an input (0) and also to the latched output when 
the DDR is an output (1 ). Refer to Table 1 for I/O functions 
and to Figure 2 for typical port circuitry. 



Table 1. I/O Pin Functions 



R/W* 


DDR 


I/O Pin Functions 


0 


0 


The I/O pin is in input mode. Data is 
written into the output data latch. 


0 


1 


Data is written into the output data 
latch and output to the I/O pin. 


1 


0 


The state of the I/O pin is read. 


1 


1 


The I/O pin is in an output mode. The 
output data latch is read. 



*R/W is an internal signal. 



MEMORY 

The MCU is capable of addressing 8192 bytes of mem- 
ory and I/O registers. The memory map is shown in Figure 
3. The locations consist of user ROM, self-check ROM, 
user RAM, a Timer control register, and I/O. The interrupt 
vectors are located from $1FF8 to $1FFF. 

The stack area is used during processing of an interrupt 
or subroutine call to save the CPU state. The stack pointer 
decrements during pushes and increments during pulls. 
Refer to INTERRUPTS for additional information. 

NOTE 

Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. 
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Figure 2. Typical Port I/O Circuitry and 
Register Configuration 
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Port B Data Direction Register 
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Port D Data Direction Register 
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Figure 3. Memory Map 



REGISTERS 

The MCU contains the registers described in the fol- 
lowing paragraphs. 



8 7 



PCH 



PCL 



ACCUMULATOR (A) 

The accumulator is a general purpose 8-bit register 
used to hold operands and results of arithmetic calcu- 
lations or data manipulations. 

7 0 

A 



INDEX REGISTER (X) 

The index register is an 8-bit register used for the in- 
dexed addressing mode. It contains an 8-bit value that 
may be added to an 8- or 16-bit immediate value to create 
an effective address. The index register may also be used 
as a temporary storage area. 

7 0 

X 



PROGRAM COUNTER (PC) 

The program counter is a 13-bit register that contains 
the address of the next byte to be fetched. 



STACK POINTER (SP) 

The stack pointer is an 13-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set at location $07F. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

The six most-significant bits of the stack pointer are 
permanently set at 000011. Subroutines and interrupts 
may be nested down to location $0040 (64 bytes maxi- 
mum), which allows the programmer to use up to 15 
levels of subroutine calls (less if interrupts are allowed). 
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CONDITION CODE REGISTER (CC) 

The condition code register is a 5-bit register in which 
four bits are used to indicate the results of the instruction 
just executed. These bits can be individually tested by a 
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program, and specific actions can be taken as a result of 
their state. Each bit is explained in the following para^ 
graphs. 
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RESETS 

The MCU can be reset two ways: b y init ial pow er-up 
and by the external reset input (RESET). The RESET in put 
cons ists mainly of a Schmitt trigger that senses the RE- 
SET line logic level. 



Half Carry (H) 

This bit is set during ADD and ADC operations to in- 
dicate that a carry occurred between bits 3 and 4. 

Interrupt (I) 

When this bit is set, the timer and external interrupt is 
masked (disabled). If an external interrupt occurs while 
this bit is set, the interrupt is latched and is processed as 
soon as the interrupt bit is cleared. 

Negative (N) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative 
(bit 7 in the result is a logic 1). 

Zero (Z) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 

Carry/Borrow (C) 

When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during 



v 



POWER-ON-RESET (POR) 

An internal reset is generated on power-up that allows 
the internal clock generator to stabilize. The power-on 
reset is used strictly for power turn-on conditions and 
should not be used to detect any drop in the power supply 
voltage. There is a 1 920 t C y c delay after the oscillator 
becomes active. If the RESET pin is low at the end of 1920 
t cvc , th e MCU will remain in the reset condition until 
RESET goes high. At the end of POR, the timer data reg- 
ister contains $F0. 

EXTERNAL RESET INPUT 

The MCU is reset when a logic zero is applied to the 
RESET input for a period longer than one machine cycle 
(tcyc)- Under this type of reset, the Schmitt trigger switches 
off at Vires- *° provide an internal reset voltage. 



INTERRUPTS 

The MCU can be interrupted three different ways: (1) 
through the external interrupt IRQ input pin, (2) with the 
internal timer interrupt request, or (3) using the software 
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(I bit clear), proceeds with interrupt processing; other- 
wise, the next instruction is fetched and executed. Masked 
interrupts are latched for later interrupt service. If the 
timer interrupt status bit is cleared before unmasking the 
interrupt, then the interrupt is not latched. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex- 
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction regardless of the setting 
of the I bit. Refer to Figure 5 for the reset and interrupt 
instruction processing sequence. 

TIMER INTERRUPT 

If the timer mask bit (TCR6) is cleared, then, each time 
the timer decrements to zero (transitions from $01 to $00), 
an interrupt request is generated. The actual processor 
interrupt is generated only if the interrupt mask bit of the 
condition code register (CCR) is also cleared. When the 



interrupt is recognized, the current state of the machine 
is pushed onto the stack and the I bit in the CCR is set, 
masking further interrupts until the present one is serv- 
iced. The contents of the timer interrupt vector, contain- 
ing the location of the timer interrupt service routine, is 
then loaded into the program counter. At the end of the 
timer interrupt service routine, the software normally ex- 
ecutes an RTI instruction which restores the machine state 
and starts executing the interrupted program. 

EXTERNAL INTERRUPT 

If the interrupt mask bit (I bit) of the condition code 
register is set, all interrupts are disabled. Clearing the I 
bit enables the external interrupts. The external interrupt 
is intern ally synchronized and then latched on the falling 
edge of IRQ. The action of the external interrupt is iden- 
tical to the timer interrupt with the exception that the 
interrupt request input at IRQ is latched internally, and 
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Figure 5. Reset and Interrupt Processing Flowchart 
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the service routine address is specified by the contents 
of $1FFAand $1FFB. 

Either a level-sensitive and edge-sensitive trigger, or 
an edge-sensitive only trigger are available as a mask 
option. Figure 6 shows both afunctional and mode timing 
diagram for the interrupt line. The timing diagram shows 
two treatments of the interrupt line to the processor. The 
first method shows a single pulse on the interrupt line 
spaced far enough apart to be serviced. The minimum 
time between pulses is a function of the length of the 
interrupt service. Once a pulse occurs, the next pulse 
should not occur until an RTI occurs. This time (t|i_||J is 



obtained by adding 20 instruction cycles to the total num- 
ber of cycles it takes to complete the service routine. The 
second method shows many interrupt lines "wire-ORed" 
to form the interrupts at the processor. If the interrupt 
line remains low after servicing an interrupt, then the next 
interrupt is recognized. 

SOFTWARE INTERRUPT (SWI) 

The SWI is an executable instruction that is executed 
regardless of the state of the I bit in the CCR. If the I bit 
is zero, SWI executes after the other interrupts. The SWI 
execution is similar to the hardware interrupts. 



(a) Interrupt Functional Diagram 
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(b) Interrupt Mode Diagram 
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Figure 6. External Interrupt 
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LOW-POWER MODES 

STOP 

The STOP instruction places the MCU in its lowest power 
consumption mode. In the STOP mode, the internal os- 
cillator is turned off, causing all internal processing and 
the timer to be halted; refer to Figure 7. 

During the STOP mode, timer control register (TCR) 
bits 6 and 7 are altered to remove any pending timer 
interrupt request and to disable any further time inter- 
rupts. The timer prescaler is cleared. The I bit in the con- 
dition code register is cleared to enable external interrupts. 
All other registers and memory remain unaltered. All in- 
put/output lines remain unchanged. The processor can 
only be brought out of the STOP mode by an external 
interrupt or reset. 
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WAIT 

The WAIT instruction places the MCU in a low power 
consumption mode, but the WAIT mode consumes 
somewhat more power than the STOP mode. In the WAIT 
mode, the internal clock is disabled from all internal cir- 
cuitry except for the timer; refer to Figure 8. Thus, all 
internal processing is halted; however, the timer contin- 
ues to count normally. 
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Figure 7. STOP Function Flowchart 



Figure 8. WAIT Function Flowchart 



During the WAIT mode, the I bit in the condition code 
register is cleared to enable interrupts. All other registers, 
memory, and input/output lines remain in their previous 
state. The timer may be enabled to allow a periodic exit 
from the WAIT mode. If an external and a timer interrupt 
occur at the same time, the external interrupt is serviced 
first; then, if the timer interrupt request is not cleared in 
the external interrupt routine, the normal timer interrupt 
(not the timer wait interrupt) is serviced since the MCU 
is no longer in the WAIT mode. 
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TIMER 

The MCU consists of an 8-bit software programmable 
counter driven by a 7-bit software programmable pres- 
caler. The various timer sources are made via the timer 
control register (TCR). The 8-bit counter may be loaded 
under program control and is decremented toward zero. 
When the timer reaches zero, the timer interrupt request 
bit (bit 7) in the timer control register (TCR) is set. Refer 
to Figure 9 for timer block diagram. 

The timer interrupt can be masked (disabled) by setting 
the timer interrupt mask bit (bit 6) in the TCR. When the 
I bit in the condition code register is cleared and TCR bit 
6 is cleared, the processor receives the interrupt. The 
MCU responds to this interrupt by 1) saving the present 
CPU state on the stack, 2) fetching the timer interrupt 
vector, and 3) executing the interrupt routine. The timer 
interrupt request bit must be cleared by software. Refer 
to RESETS and INTERRUPTS for additional information. 

The prescaler is a 7-bit divider which is used to extend 
the maximum length of the timer. To avoid truncation 
errors, the prescaler is cleared when TCR bit 3 is set to 
a logic 1 ; however, the TCR bit 3 always reads as a logic 
0 to ensure proper operation with read-modify-write in- 
structions. 

The timer continues to count past zero, falling from $00 
through $FF, and continues the countdown. The counter 
can be read at any time by reading the timer data register 
(TDR). This allows a program to determine the length of 
time since a timer interrupt has occurred without dis- 
turbing the counting process. TDR is unaffected by reset. 

SOFTWARE CONTROLLED MODE 

The timer prescaler input can be configured for three 
different operating modes plus a disable mode, depend- 
ing on the value written to TCR control bits 4 and 5 (TCR4 
and TCR5). The following paragraphs describe the dif- 
ferent modes. 



Timer Input Mode 1 

When TCR4 and TCR5 are both programmed to zero, 
the timer input is from the internal clock (phase 2) and 
the timer input pin is disabled. The internal clock mode 
can be used for periodic interrupt generation as well as 
a reference for frequency and event measurement. Dur- 
ing the WAIT instruction, the internal clock to the timer 
continues to run at its normal rate. 

Timer Input Mode 2 

When TCR4= 1 and TCR5 = 0, the internal clock and the 
timer input signals are ANDed to form the timer input. 
This mode can be used to measure external pulse widths. 
The active high, external pulse gates in the internal clock 
for the duration of the external pulse. The accuracy of 
the count is ± 1. 

Timer Input Mode 3 

When TCR4 = 0 and TCR5 = 1, no prescaler input fre- 
quency is applied to the prescaler and the timer is dis- 
abled. 



Timer Input Mode 4 

When TCR4 and TCR5 are both one, the timer input is 
from the external clock. The external clock can be used 
to count external events as well as to provide an external 
frequency for generating periodic interrupts. Power-on 
reset and the STOP instruction cause the counter to be 
set to $F0. 



TIMER CONTROL REGISTER (TCR) $009 

This is an 8-bit register that controls various functions 
such as configuring operation mode, setting ratio of the 
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Figure 9. Timer Block Diagram 
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prescaler, and generating timer interrupt request signal. 
All bits are read/write except bit 3. 
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addressing modes. The jump unconditional (JMP) and 
jump to subroutine (JSR) instructions have no register 
operand. Refer to the following list of instructions. 




TCR7 — Timer Interrupt Request 

Used to indicate the timer interrupt when it is logic 
one 

1 =Set when the timer data register changes to all 
zeros 

0 = Cleared by external reset, power-on reset, or 

under program control 
TCR6 — Timer Interrupt Mask 

Used to inhibit the timer interrupt 

1 = Interrupt inhibited 

0 = Interrupt enabled 
TCR5 — External or Internal 

Selects input clock source 

1 = External clock selected 

0 = Internal clock selected (fosc^ 4 ' 
TCR4 — TIMER External Enable 

Used to enable external TIMER pin 

1 = Enables external timer pin 
0 = Disables external timer pin 

TCR3 — Prescaler Clear 

Write only bit. Writing a 1 to this bit resets the pres- 
caler to zero. A read of this location always indicates 
a zero. 

TCR2, TCR1, TCRO — Prescaler Select Bits 

Decoded to select one of eight outputs of the pres- 
caler 

Prescaler 
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TCRO 
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INSTRUCTION SET 

The MCU has a set of 61 basic instructions which can 
be divided into five different types: register/memory, read- 
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 

REGISTER/MEMORY INSTRUCTIONS 

Most of these instructions use two operands. One op- 
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 



Function 


Mnemonic 


Load A from Memory 


LDA 


Load X from Memory 


LDX 


Store A in Memory 


STA 


Store X in Memory 


STX 


Add Memory to A 


ADD 


Add Memory and Carry to A 


ADC 


Subtract Memory 


SUB 


Subtract Memory from A with Borrow 


SBC 


AND Memory to A 


AND 


OR Memory with A 


ORA 


Exclusive OR Memory with A 


EOR 


Arithmetic Compare A with Memory 


CMP 


Arithmetic Compare X with Memory 


CPX 


Bit Test Memory with A (Logical Compare) 


BIT 


Jump Unconditional 


JMP 


Jump to Subroutine 


JSR 



READ-MODIFY-WRITE INSTRUCTIONS 

These instructions read a memory location or a reg- 
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 



Function 


Mnemonic 


Increment 


INC 


Decrement 


DEC 


Clear 


CLR 


Complement 


COM 


Negate (2's Complement) 


NEG 


Rotate Left Thru Carry 


ROL 


Rotate Right Thru Carry 


ROR 


Logical Shift Left 


LSL 


Logical Shift Right 


LSR 


Arithmetic Shift Right 


ASR 


Test for Negative or Zero 


TST 



BRANCH INSTRUCTIONS 

This set of instructions branches if a particular condi- 
tion is met; otherwise, no operation is performed. Branch 
instructions are two byte instructions. Refer to the fol- 
lowing list for branch instructions. 
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Function 


Mnemonic 


Branch Always 


BRA 


Branch Never 


BRN 


Branch iff Higher 


BHI 


Branch iff Lower or Same 


BLS 


Branch iff Carry Clear 


BCC 


(Branch iff Higher or Same) 


(BHS) 


Branch iff Carry Set 


BCS 


(Branch iff Lower) 


(BLO) 


Branch iff Not Equal 


BNE 


Branch iff Equal 


BEQ 


Branch iff Half Carry Clear 


BHCC 


Branch iff Half Carry Set 


BHCS 


Branch iff Plus 


BPL 


Branch iff Minus 


BMI 


Branch iff Interrupt Mask Bit is Clear 


BMC 


Branch iff Interrupt Mask Bit is Set 


BMS 


Branch iff Interrupt Line is Low 


BIL 


Branch iff Interrupt Line is High 


BIH 


Branch to Subroutine 


BSR 


CONTROL INSTRUCTIONS 




These instructions are register reference instructions 
and are used to control processor operation during pro- 
gram execution. Refer to the following list for control 
instructions. 


Function 


Mnemonic 


Transfer A to X 


TAX 


Transfer X to A 


TXA 


Set Carry Bit 


SEC 


Clear Carry Bit 


CLC 


Set Interrupt Mask Bit 


SEI 


Clear Interrupt Mask Bit 


CLI 


Software Interrupt 


SWI 


Return from Subroutine 


RTS 


Return from Interrupt 


RTI 


Reset Stack Pointer 


RSP 


No-Operation 


NOP 


Stop 


STOP 


Wait 


WAIT 



branch functions are all implemented with a single in- 
struction. For test and branch instructions, the value of 
the bit tested is also placed in the carry bit of the condition 
code register. Refer to the following list for manipulation 
instructions. 



BIT MANIPULATION INSTRUCTIONS 

The MCU is capable of setting or clearing any bit which 
resides in the first 256 bytes of the memory space where 
all port registers, port DDRs, timer, timer control, and on- 
chip RAM reside. An additional feature allows the soft- 
ware to test and branch on the state of any bit within 
these 256 locations. The bit set, bit clear and bit test, and 



Function 


Mnemonic 


Branch iff Bit n is Set 


BRSET n (n = 0 . . . 7) 


Branch iff Bit n is Clear 


BRCLRn (n = 0...7) 


Set Bit n 


BSET n (n = 0 . . . 7) 


Clear Bit n 


BCLRn(n = 0...7) 



OPCODE MAP SUMMARY 

Table 2 is an opcode map for the instructions used on 
the MCU. 



ADDRESSING MODES 

The MCU uses ten different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code cov- 
ersion tables, and scaling tables anywhere in the memory 
space. Short indexed accesses are single byte instruc- 
tions, while the longest instructions (three bytes) permit 
accessing tables throughout memory. Short and long ab- 
solute addressing is also included. Two byte direct ad- 
dressing instructions access all data bytes in most 
applications. Extended addressing permits jump instruc- 
tions to reach all memory. 

The term "effective address" (EA) is used in describing 
the various addressing modes. Effective address is de- 
fined as the address from which the argument for an 
instruction is fetched or stored. 

IMMEDIATE 

In the immediate addressing mode, the operand is con- 
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize a loop counter). 

DIRECT 

In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 

EXTENDED 

In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. 

RELATIVE 

The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8- 
bit signed byte (the offset) following the opcode is added 
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Table 2. Opcode Map 



CO 



2 
o 

O 

s 

o 

* I 

o 
m 

V) 
CO 

o 

30 

o 





Bit MarapulrDon 




Rod/ Modify/ Write 


Control 


Rf. j«ter/ Mamory 




BTB 






DIR 


INH 


IN_H 


1X1 


IX 


INH 




IMM 


DIR 


EXT 


1X2 


1X1 


IX 


" ^ Hi 


_Hjfl 

0000 


0001 


0010 


T 

0011 


0100 


0101 


— T — 

0110 


7 

0111 


8 

1000 


9 

1001 


A 

1010 


B 

1011 


— E r— 

1100 


— T — 

1101 


— T — 

1110 


¥ 

1111 




0 
0000 


BHSET0 
3 BTB 


BSET0 
2 BSC 


— r 

BRA 

2 REL 


NEG 

2 DIR 


NEG 

1 'NH 


NEG 

1 INH 


NEG 

2 1X1 


NEG 

1 IX 


RTI 

1 INH 




SUB 

2 IMM 


SUB 

2 DIR 


SUB 
3 EXT 


SUB 

3 IX2 


SUB 
2 1X1 


SUB 
1 IX 


0 

£HQQ 


1 

0X1 


BflCLRO 


BCLR0 


3 

BRN 

2 REL 












RTS 

1 INH 




CMP 

2 IMM 


CMP 

2 DIR 


CMP 

3 EXT 


CMP 

3 1X2 


CMP 

2 1X1 


CMP 

1 IX 


1 

0001 


2 

0010 


3 BT| 
BRSET1 


BSET1 

2 BSC 


3 

BHI 

2 HEL 
















SBC 

2 IMM 


SBC 

2 DIR 


SBC 

3 EXT 


SBC 

3 1X2 


SBC 
2 1X1 


SBC 

1 IX 


2 
0010 


3 
0011 


3 BT| 
BRCLR1 


BCLR1 

2 BSC 


3 

BLS 

2 REL 


COM 

2 DIR 


COMA 3 

1 INH 


COMX 


COM 6 
2 1X1 


COM b 

1 IX 


swi 10 

1 INH 




CPX 

2 IMM 


CPX 
2 DIR 


CPX 
3 EXT 


1 5- 

CPX 

3 1X2 


CPX 

2 1X1 


CPX 

1 IX 


3 
0011 


4 

0100 


3 BT| 

BRSET2 
3 BTEJ 


BSET2 

2 BSC 


3 

BCC 
2 REL 


LSR 
2 DTR 


LSRA 


LSRX 

1 INH 


6 

LSR 

2 1X1 


LSR 

1 IX 






AND 

2 IMM 


AND 

7 DIM 


AND 

3 EXT 


AND 


AND 

2 1X1 


3- 

AND 

1 IX 


4 

0100 


5 

0101 


BRCLR2 
3 BT| 


BCLR2 

2 BSC 


3 

BCS 

2 REL 
















BIT 

2 IMM 


BIT 

2 DIR 


BIT 

3 EXT 


1 "I 
BIT 

3 1X2 


BIT 

2 1X1 


5- 

BIT 

J |X_ 


5 

(11(11 


6 

0110 


BRSET3* 
3 BT£| 


BSET3 

2 BSC 


3 

BNE 

2 REL 


ROR 

2 DIR 


RORA 

1 INH 


RORX 


ROR * 

2 IXI 


ROR 






LDA 

2 IMM 


LDA 
2 DIR 


LDA 

3 EXT 


LDA 


LDA 


LDA 

1 IX 


6 

0110 


7 
0111 


BRCLR3 
3 BT| 


BCLR3 
^ 


3 

BEQ 

2 REL 


ASR 

2 DlR 


ASRA 

1 INH 


ASRX 

1 INH 


ASR 


ASR 




TAX 

1 INH 




STA 

2 DIR 


STA 

3 EXT 


i >*l 

STA 
3 1X2 


STA 

2 1X1 


STA 

1 IX 


7 

0111 


8 

1000 


BRSET4 
3 BT| 


BSET4 

2 BSC 


3 

BHCC 
2 REL 


LSL 
2 DIR 


LSLA 


LSLX 

1 INH 


LSL 


LSL 

1 IX 




CLC 

1 INH 


EOR 

2 IMM 


EOR 

2 DlR 


EOR 

3 EXT 


EOR 
3 IX} 


EOR 

2 IXI 


EOR 

1 IX 


8 

1000 


9 


BRCLR4 
3 BT| 


5 

BCLR4 
2 BSC 


3 

BHCS 
2 REL 


5 

ROL 

2 DIR 


3 

ROLA 

1 INH 


3 

ROlX 


6 

ROL 


i 

ROL 




2 

SEC 

1 INH 


2 

ADC 

2 IMM 


3 

ADC 

2 DIR 


ADC 

3 EXT 


ADC 

3 1X2 


4 

ADC 

2 1X1 


i 

ADC 

1 IX 


9 


A 

1010 


BRSET5 

3 BTEJ 


BSET6 

2 BSC 


3 

BPL 

2 REL 


5 

DEC 

2 DIR 


DECA 

1 INH 


3 

DECX 

1 INH 


6 

DEC 


5 

° EC X 




2 

CLI 


J 

ORA 

2 IMM 


3 

ORA 

2 DIR 


4 

ORA 

3 EXT 


S 

ORA 

3 1X2 


4 

ORA 

2 1X1 


■ 3 

ORA 

1 IX 


A 

1010 


B 

1011 


BRCLR5 
3 BTEJ 


5 

BCLR5 
2 BS£ 


3 

BMI 

2 B£L. 














2 

SEl 

1 INH 


ADD 

2 IMM 


ADD 

2 DlR 


i 

ADD 

3 EXT 


5 

ADD 

3 1X2 


ADD 

2 IXI 


1 - 3 
ADD 


B 

1011 


c 

1100 


BRSET6 
3 BT| 


BSET6 


BMC 
J ^ 


5 

INC 
2 DIR 


3 

INCA 

1 INH 


3 

INCX 

1 INH 


6 

INC 


i 

INC 




2 

RSP 

1 INH 




2 

JMP 

2 DIR 


JMP 

3 EXT 


4 

JMP 

3 1X2 


3 

JMP 

2 1X1 


2 

JMP 

1 IX 


C 

1100 


0 

1101 


BRCLR6 
3 BTB 


BCLR6 

2 BSC 


BMS 

2 REL 


TST 
2 DIR 


3 

TSTA 

1 INH 


3 

TSTX 

1 INH 


5 

TST 


a 

TST 

1 IX 




2 

NOP 


6 

BSR 

2 REL 


5 

JSR 

2 DiR 


6 

JSR 
3 EXT 


7 

JSR 
3 1X2 


6 

JSR 

2 1X1 


5 

JSR 

1 IX 


D 

1101 


E 

1110 


BRSET7 
3 BT| 


BSET7 


3 

BIL 

a ^ 












2 

STOP 

1 INH 




2 

LDX 

2 IMM 


3 

LDX 

2 DlR 


LDX 

J ^ 


5 

LDX 


LDX 


3 

LDX 

1 IX 


E 

1110 


F 

1111 


BRCLR7 
3 BTB 


BCLR7 

2 BSC 


BIH 

2 REL 


5 

CLR 

2 DlR 


3 

CLR A 

1 INH 


3 

CLRX 

1 INH 


6 

CLR 

2 ixl 


S 

CLR 


2 

WAIT 

1 INH 


2 

TXA 

1 INH 




STX 

2 DlR 


STX 
3 EXT 


~ 

STX 
3 1X2 


2 IXJ 

STX 

2 1X1 


4 

STX 

1 IX 


F 

1111 



o 

CD 
OO 

o 

cn 

O 

IV) 



Abbreviations for Add ran Mode* 



LEGEND 



INH 


Inherent 


A 


Accumulator 


X 


Index Register 


IMM 


Immediate 


DIR 


Direct 


EXT 


Extended 


REL 


Relative 


BSC 


Bit Set/ Clear 


BTB 


Bit Test and Branch 


IX 


Indexed (No Offset) 


1X1 


Indexed. 1 Byte (8-Bit) Offset 


1X2 


Indexed. 2 Byte (16-Bit) Offset 




Cycles 



Opcode in Hexadecimal 
Opcode in Binary 

Address Mode 



MC146805G2 



to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from - 126 to +129 from 
the opcode address. 

INDEX, NO OFFSET 

In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. This addressing mode can access the first 256 
memory locations. These instructions are only one byte 
long. This mode is often used to move a pointer through 
a table or to hold the address of a frequently referenced 
RAM or I/O location. 

INDEXED, 8-BIT OFFSET 

In the indexed, 8-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address- 
able locations and could extend as far as location 510 
($1FE is the last location at which the instruction may 
begin). 

INDEXED, 16-BIT OFFSET 

In the indexed, 16-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 
the opcode. This addressing mode can be used in a man- 
ner similar to indexed, 8-bit offset except that this three- 
byte instruction allows tables to be anywhere in memory. 

BIT SET/CLEAR 

In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode. The byte following the 



opcode specifies the direct addressing of the byte to which 
the specified bit is to be set or cleared. Any read/write 
bit in the first 256 locations of memory, including I/O, can 
be selectively set or cleared with a single two-byte in- 
struction. 

CAUTION 

The corresponding DDRs for ports. A, B, C, and D 
are write only registers. A read operation on these 
registers is undefined. Since BSET and BCLR are 
read-modify-write functions, these instructions 
cannot be used to set or clear a DDR bit (all "un- 
affected" bits would be set). It is recommended that 
all DDR bits in a port be written using a single-store 
instruction. 

BIT TEST AND BRANCH 

The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 
bit to be tested, and its condition (set or clear), is included 
in the opcode. The address of the byte to be tested is in 
the single byte immediately following the opcode byte. 
The signed relative 8-bit offset in the third byte is added 
to the PC if the specified bit is set or cleared in the spec- 
ified memory location. This single three-byte instruction 
allows the program to branch based on the condition of 
any readable bit in the first 256 locations of memory. The 
span of branching is from -125 to + 130 from the opcode 
address. The state of the tested bit is also transferred to 
the carry bit of the condition code register. 

INHERENT 

In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in- 
structions are one byte long. 
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ELECTRICAL SPECIFICATIONS 



MAXIMUM RATINGS (Voltages Referenced to Vss) 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


vdd 


-0.3 to +8.0 


V 


All Input Voltages except OSC1 


Vin 


Vss -0.5 to Vqd + 05 


V 


Current Drain Per Pin Excluding 

Vdd. v ss 


i 


10 


mA 


Operating Temperature Range 
MC146805G2 
MC146805G2C 


t a 


T L to T H 
Oto 70 
-40 to +85 


°C 


Storage Temperature Range 


T stg 


-55 to +150 


°C 


Current Drain Total (PD4-PD7 only) 


lOH 


40 


mA 


THERMAL CHARACTERISTICS 


Characteristic 


Symbol 


Value 


Unit 


Thermal Resistance 
Plastic 
PLCC 


8JA 


100 
70 


°C/W 



This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages of electric fields; however, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than max- 
imum-rated voltages to this high-impedance 
circuit. For proper operation it is recom- 
mended the Vj n and V ou t be constrained to 
the range Vss s < v in °r V 0 ut> s V DD- Reli- 
ability of operation is enhanced if unused in- 
puts except OSC2 and NUM are tied to an 
appropriate logic voltage level (e.g., either 
Vss or V DD>' 



Port 


Ri 


R2 


B and C 


24 3 kfl 


4 32 kfl 


A. PD0-PD3 


1 21 ku 


3 1 kfl 


PD4-PD7 


300 0 


1 64 kfl 



V D D = 4 5V 



Test Point 




Figure 10. Equivalent Test Load 




Figure 11. Typical Operating Current vs Internal Frequency 
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1 0 

















(4 mA 


1 MHz 


\ 






Vdd 


-5 V ± 


10% 
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1150 ^A) 


1 








1 






1 



02 04 06 08 

FREQUENCY (MHzl 



1 0 
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£ 200 
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-J V 
























































































STOP IDD 
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Figure 12. Maximum Iqd vs Frequency 



Figure 13. Maximum Iqd vs Frequency 
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Figure 14. Minimum Iqh. p °i"t D Pins 33-36 



Figure 15. Minimum Iqh> P° rt B ar, d C 
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Figure 16. Minimum Iqh> P° rt A and D 
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DC ELECTRICAL CHARACTERISTICS (Vdd = 5.0 Vdc ±10%, Vss = 0 Vdc, Ta = 0° to 70°C, unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Output Voltage, lLoad * 10.0 uA 


vol 

VOH 


Vdd-o.1 


0.1 


V 


Output High Voltage 

('Load= ~ 10° nAt PB0-PB7, PC0-PC7 
('Load= -2 mA) PA0-PA7, PD0-PD3 
dLoad= -8 mA) PD4-PD7 


VOH 


2.4 
2.4 
2.4 


- 
— 


V 


Output Low Voltage 

('Load = 8 °0 M-A) All Ports 

PA0-PA7, PB0-PB7, PC0-PC7, PD0-PD7 


vol 


- 


0.4 


V 


Input High Voltage 

Ports PA0-PA7, PB0-PB7, PC0-PC7, PD0-PD7 
TIMER, IRQ, RESET, OSC1 


V|H 


v D d -2.0 
v D d -o.8 


vdd 
vdd 


V 


Input Low Voltage All Inputs 


V|L 


vss 


0.8 


V 


Total Supply Current (Cl = 50 pF on Ports, no dc Loads, t cyc = 1 (is) 
RUN (V| L = 0.2 V, V| H = V DD -0.2 V) 
WAIT (See Note) 
STOP (See Note) 


'dd 


- 


4 

1.5 
150 


mA 
mA 
^A 


I/O Ports Input Leakage 

PA0-PA7, PB0-PB7, PC0-PC7, PD0-PD7 


l|L 




±10 


uA 


Input Current 

RESET, IRQ, TIMER, OSC1 


■in 




±1 


HA 


Capacitance 
Ports 

RESET, IRQ, TIMER, OSC1 


Cout 
Cin 




12 
8 


pF 



DC ELECTRICAL CHARACTERISTICS (V D d = 3.0 Vdc, Vss = 0 Vdc, Ta = 0° to 70°C, unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Output Voltage, lLoad 10 uA 


vol 
voh 


Vdd-o.1 


0.1 


V 


Output High Voltage 

('Load= -50 (tA) PB0-PB7, PC0-PC7 
('Load= -0.5 mA) PA0-PA7,PD0-PD3 
('Load= -2mA)PD4-PD7 


VOH 


1.4 
1.4 
1.4 




V 


Output Low Voltage 

('Load =300 nA) All Ports PA0-PA7, PB0-PB7, PC0-PC7, PD0-PD7 


vol 




0.3 


V 


Input High Voltage 

Ports PA0-PA7, PB0-PB7, PC0-PC7, PD0-PD7 
TIMER, IRQ, RESET, OSC1 


vih 


2.7 
2.7 


vdd 
vdd 


V 


Input Low Voltage All Inputs 


V|L 


vss 


0.3 


V 


Total Supply Current (no dc Loads, t C y C = 5 us) 
RUN (V|L = 0.1 V, V| H = V D D-0.1 V) 
WAIT (See Note) 
STOP (See Note) 


'dd 




0.5 
200 
100 


mA 
HA 
HA 


I/O Ports Input Leakage 

PA0-PA7, PB0-PB7, PC0-PC7, PD0-PD7 


IlL 




±5 


HA 


Input Current 

RESET, IRQ, TIMER, OSC1 


tin 




±1 


M-A 


Capacitance 
Ports 

RESET, IRQ, TIMER, OSC1 


Cout 
Cin 




12 
8 


PF 



NOTE: Test conditions for Idd are as follows: 
All ports programmed as inputs 
V|L = 0.2 V (PA0-PA7, PB0-PB7, PC 0-PC7, PD0-PD7) 
V|H = V DD -0.2 V for RESET, IRQ, TIMER 
OSC1 input is a squarewave from 0.2 V to Vqd-0.2 V 

OSC2 output load = 20 pF (wait Idd is affected linearly by the OSC2 capacitance). 
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Table 3. Control Timing 

(Vdd = 5.0 Vdc ± 10%, V SS = 0, T A = 0° to 70°C, f 0S c = 4 MHz) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Crystal Oscillator Startup Time (see Figure 19) 


l OXOV 


— 


100 


ms 


Stop Recovery Startup Time (Crystal Oscillator) (see Figure 20) 


t|LCH 


— 


100 


ms 


Timer Pulse Width (see Figure 18) 


*TH' ni 


0.5 


— 


tcyc 


Reset Pulse Width (see Figure 19) 


tat 


1.5 




t 

tcyc 


Timer Period (see Figure 18) 


tTLTL 


1.0 




tcyc 


Interrupt Pulse Width Low (see Figure 6b) 


tlLIH 


1.0 




l cyc 


Interrupt Pulse Period (see Figure 6b) 


tILIL 


* 




tcyc 


OSC1 Pulse Width 


tOH- tOL 


100 




ns 


Cycle Time 


tcyc 


1000 




ns 


Frequency of Operation 


fosc 






MHz 


Crystal 




4.0 




External Clock 




DC 


4.0 





*The minimum period t||_||_ should not be less than the number of t cvc cycles it takes to execute the interrupt service routines plus 
20 t cyc cycles. 



External 
Clock 



/ Timer \ I 
\ Pin 37 / 1 





-* — tTLTL — > 
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Figure 18. Timer Relationships 
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Figure 19. Power-On Reset and RESET 
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•Internal timing signals not available externally 
•Represents the internal gating of the OSC1 input pin 



Figure 20. Stop Recovery and Power-On Reset 



ORDERING INFORMATION 



The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo- 
torola in the following media: 

MDOS, disk file 

MS-DOS/PC-DOS disk file 

EPROM(s)MC1468705G2, 2532, 2732, or two 2516/2716 
To initiate a ROM pattern for the MCU, it is necessary to 
first contact the local field service office, sales person, or 
Motorola representative. 

FLEXIBLE DISKS 

Several types of flexible disks (MDOS® or MS®-DOS/ 
PC-DOS disk file), programmed with the customer pro- 
gram (positive logic sense for address and data), may be 
submitted for pattern generation. In either case, the dis- 
kette should be clearly labeled with the customer's name, 
date, project or product name, and the name of the file 
containing the pattern. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 

MDOS DISK FILE 

MDOS is Motorola's Disk Operating System available 
on the EXORciser® development system. The disk media 
submitted must be a single-sided, single density, 8-inch 
MDOS compatible floppy diskette. The diskette must con- 
tain the minimum set of MDOS system files in addition 
to the pattern file. 

The .LO output of the M6805 cross assembler should 
be furnished. In addition, the file must be produced (using 



the ROLLOUT command) containing the absolute image 
of the M6805 memory. It is necessary to include the entire 
memory image of both data and program space. All un- 
used bytes, including those in the user space, must be 
set to zero. 

MS-DOS/PC-DOS Disk File 

MS-DOS is Microsoft's Disk Operating System. PC-DOS 
is IBM® Personal Computer (PC) Disk Operating System. 
Disk media submitted must be a standard density (360K) 
double-sided 5 1/4 inch compatible floppy diskette. The 
diskette must contain object file code in Motorola's S- 
record format. The S-record format is a character-based 
object file format generated by M6805 cross assemblers 
and linkers on IBM PC style machines. 

EPROMs 

A MC1468705G2, 2532, 2732, 2516 (2), or 2716 (2) type 
EPROM(s), programmed with the customer's program 
(positive logic sense for address and data), may be sub- 
mitted for pattern generation. Since all program and data 
space information will fit on one MC1468705G2/2532/2732 
or two 2516/2716 type EPROM(s), the EPROM(s) must be 
programmed as described in the following paragraph. 

For the 2532, 2732, or the 14687C5G2, the ROM code 
should be located from $080 to $8AF and the interrupt 
vectors from $FF6 to $FFF. For the 2516 or 271 6, the ROM 
code should be located from $080 to $7FF in the first 
EPROM and from $0 to $0AF in the second EPROM. The 
interrupt vectors should be in the second EPROM from 
$7F6 to $7FF. 



MDOS is a trademark of Motorola Inc. 
MS-DOS is a trademark of Microsoft, Inc. 
EXORciser is a registered trademark of Motorola Inc. 

IBM is a registered trademark of International Business Machines Corporation. 
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EPROM MARKING 



XXX 



1st 
2516/ 
2716 



080 



2nd 
2516/ 
2716 



0000 



2532/ 
2732 



0800 




XXX = Customer ID 

VERIFICATION MEDIA 

All original pattern media (EPROMs or floppy disk) are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked and the verification form 
should be completed, signed, and returned to Motorola. 
The signed verification form constitutes the contractual 



agreement for creation of the customer mask. To aid in 
the verification process, Motorola will program customer 
supplied blank EPROM(s) or DOS disk from the data file 
used to create the custom mask. 

ROM VERIFICATION UNITS (RVUs) 

Ten MCUs containing the customer's ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask but are for the pur- 
pose of ROM verification only. For expediency, the MCUs 
are unmarked, packaged in ceramic, and tested with 5 
volts at room temperature. These RVUs are free with the 
minimum order quantity but are not production parts. 
These RVUs are not guaranteed by Motorola Quality As- 
surance. 

ORDERING INFORMATION 

The following table provides generic information per- 
taining to the package type, temperature, and MC order 
numbers for the MC146805G2. 



Table 4. Generic Information 



Package Type 


Frequency (MHz) 


Temperature 


Order Number 


Plastic 


1.0 


0°C to 70°C 


MC146805G2P 


P Suffix 


1.0 


-40° to +85°C 


MC146805G2CP 


PLCC 


1.0 


0° to 70°C 


MC146805G2FN 


FN Suffix 


1.0 


-40° to +85°C 


MC146805G2CFN 



PIN ASSIGNMENTS 



RESET [ 1 

IRQ [ 
NUM [ 

PA7 [ 

PA6 [ 

PA5 [ 

PA4 [ 

PA3 [ 

PA2 [ 

PA1 [ 

PA0 [ 

PB0 [ 

PB1 [ 

PB2 [ 

PB3 [ 

PB4 [ 

PB5 [ 

PB6 [ 

PB7 [ 
Vss I 20 



40 ] 



39 ] 
38] 
37 ] 
36 ] 

35h 

34 
33p 

32 
31 

30 tl 

29 
28 
27 
26 
25 
24& 
23 
22 
21 



VDD 
OSC1 
OSC2 
TIMER 
PD7 
PD6 
]PD5 
PD4 
1PD3 
PD2 
PD1 
]PD0 
PC0 
PCI 
PC2 
PC3 
PC4 
PC5 
PC6 
PC7 



nnnnngnnnnn 



PA5 C 7 

PA4[, 

PA3[ 

PA2C 

PA1 C 

PA0 [ 12 

PB0C 

PB1 [ 

PB2[ 

PB3[ 

NC [ 17 



39]NC 
3PD6 
3PD5 
JPD4 
3PD3 

34 JPD2 
3PD1 
3PD0 
3PC0 
JPC1 

29DPC2 



18 
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MC6809 
8-Bit Microprocessing Unit 

The MC6809 is a high-performance 8-bit microprocessor which supports modern programming 
techniques such as position independence, re-entrancy, and modular programming. 

This third-generation addition to the M6800 Family has major architectural improvements which 
include additional registers, instructions, and addressing modes. 

The basic instructions of any computer are greatly enhanced by the presence of powerful ad- 
dressing modes. The MC6809 has the most complete set of addressing modes available on any 8- 
bit microprocessor. 

The MC6809 has hardware and software features which make it an ideal processor for higher 
level language execution or standard controller applications. 
MC6800 COMPATIBLE 

• Hardware — Interfaces with All M6800 Peripherals 

• Software — Upward Source Code Compatible Instruction Set and Addressing Modes 
ARCHITECTURAL FEATURES 

• Two 16-Bit Index Registers 

• Two 16-Bit Indexable Stack Pointers 

• Two 8-Bit Accumulators Can Be Concatenated To Form One 16-Bit Accumulator 

• Direct Page Register Allows Direct Addressing Throughout Memory 
HARDWARE FEATURES 

• On-Chip Oscillator (Crystal Frequency = 4xE) 

• DMA/BREQ Allows DMA Operation on Memory Refresh 

• Fast Interrupt Request Input Stacks Only Condition Code Register and Program Counter 

• MRDY Input Extends Data Access Times for Use with Slow Memory 

• Interrupt Acknowledge Output Allows Vectoring by Devices 

• Sync Acknowledge Output Allows for Synchronization to External Event 

• Single Bus-Cycle RESET 

• Single 5-Volt Supply Operation 

• NMI Inhibited After RESET Until After First Load of Stack Pointer 

• Early Address Valid Allows Use with Slower Memories 

• Early Write Data for Dynamic Memories 
SOFTWARE FEATURES 

• 10 Addressing Modes 

— 6800 Upward Compatible Addressing Modes 

— Direct Addressing Anywhere in Memory Map 




MC6809 



MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


vcc' 


-03to +7.0 


V 


Input Voltage 


V,n 


-0 3 to +7 0 


V 


Operating Temperature Range 
MC6809, MC68A09, MC68B09 
MC6809C, MC68A09C, MC68B09C 


T A 


T L to T H 
0 to +70 
- 40 to +85 


°c 


Storage Temperature Range 


T stg 


-55 to +150 


°c 



THERMAL CHARACTERISTICS 



Characteristic 


Symbol 


Value 


Unit 


Thermal Resistance 


«JA 




C W 


Cerdip 


60 




Plastic 




100 





This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high im- 
pedance circuit. Reliability of operation is 
enhanced if unused inputs are tied to an ap- 
propriate logic voltage levels (e g , either 
VSS or Vcc> 



POWER CONSIDERATIONS 

The average chip-junction temperature, Tj, in °C can be obtained from: 

T J = T A + < p D-»JA> 




where: 
T A 
»JA 
PD 

Pint 

p PORT 



= Ambient Temperature, °C 

= Package Thermal Resistance, Junction-to-Ambient, "CW 
= P|NT +p PORT 

= lcc x ^CC' Watts — Chip Internal Power 

= Port Power Dissipation, Watts — User Determined 



For most applications PpoRT<P|[\|T an d can ^ e neglected. PpoRT ma V become significant if the device is configured 
to drive Darlington bases or sink LED loads. 
An approximate relationship between Pq and Tj (if PpoRT ls neglected) is. 

P D =K-(Tj + 273 0 C) (2) 

Solving equations (1) and (2) for K gives: 

K = P D '(T a + 273°C) + Hja-Pd 2 (3) 
where K is a constant pertaining to the particular part. K can be determined from equation (3) by measuring Pq (at 
equilibrium) for a known T A . Using this value of K, the values of Pq and Tj can be obtained by solving equations 
(1) and (2) iteratively for any value of T A . 
ELECTRICAL CHARACTERISTICS (V C c = 5 0 V ±5%, V ss = 0, T A =T L to T H unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Input High Voltage 


Logic, EXTAL 
RESET 


V|H 
V|HR 


V S s+20 
Vss + 40 




vcc 
vcc 


V 


Input Low Voltage 


Logic, EXTAL, RESET 


V|L 


Vss-03 




Vss+08 


V 


Input Leakage Current 


Logic 








2 5 


pA 


(V, n = 0to 5 25 V, V CC =max> 


l,n 






dc Output High Voltage 
(l Load= -205 /iA, Vcc = mm) 
(l Load= _ 145 /* A . Vcc = min) 
(l|_oad= -100 jiA. Vcc = mm) 


D0-D7 

A0-A15, R/W, Q, E 
BA, BS 


V 0 H 


Vss + 2 4 
Vss+24 
V S s+24 






V 


dc Output Low Voltage 
< l Load = 2 0 mA, Vcc=mm) 


VOL 






Vss+05 


V 


Internal Power Dissipation (Measured at Ta = 0°C in Steady State Operation) 


Pint 






1 0 


w 


Capacitance * 

(V in = 0, Ta=25°C, f= 1 0 MHz) 


D0-D7, RT5TT 
Logic Inputs, EXTAL, XTAL 


Cm 




10 
10 


15 
15 


PF 




A0-A15, R/W, BA, BS 


Cout 






15 


pF 


Frequency of Operation 
(Crystal or External Input) 


MC6809 
MC68A09 
MC68B09 


f XTAL 


04 
04 
04 




4 
6 
8 


MHz 


Hi-Z (Off State) Input Current 
(V ln = 0 4to2 4 V, Vcc = max) 


D0-D7 
A0-A15, R/W 


ITSI 




2 0 


10 
100 


M A 



Capacitances are periodically tested rather than 100% tested. 
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FIGURE 1 - BUS TIMING 




BUS TIMING CHARACTERISTICS (See Notes 1 and 2) 



Idem. 


Characteristics 


Symbol 


MC6809 


MC68A09 


MC68B09 


Unit 


Number 


Min 


Max 


Min 


Max 


Min 


Max 


1 


Cycle Time (See Note 5) 


tcyc 


1 0 


10 


0 667 


10 


0.5 


10 


/•s 


2 


Pulse Width, E Low 


PWel 


430 


5000 


280 


5000 


210 


5000 


ns 


3 


Pulse Width, E High 


pw eh 


450 


15500 


280 


15700 


220 


15700 


ns 


4 


Clock Rise and Fall Time 


t r . If 




25 




25 




20 


ns 


5 


Pulse Width, Q High 


PWqh 


430 


5000 


280 


5000 


210 


5000 


ns 


6 


Pulse Width, Q Low 


PWq L 


450 


15500 


280 


15700 


220 


15700 


ns 


7 


Delay Time, E to Q Rise 


l AVS 


200 


250 


130 


165 


80 


125 


ns 


9 


Address Hold Time* (See Note 4) 


l AH 


20 




20 




20 




ns 


10 


BA, BS, R/W, and Address Valid Time to Q Rise 


1AQ 


50 




25 




15 




ns 


17 


Read Data Setup Time 


l DSR 


80 




60 




40 




ns 


18 


Read Data Hold Time* 


tDHR 


10 




10 




10 




ns 


20 


Data Delay Time from Q 


l DDQ 




200 




140 




110 


ns 


21 


Write Data Hold Time* 


tDHW 


30 




30 




30 




ns 


29 


Usable Access Time (See Note 3) 


tACC 


695 




440 




330 




ns 




Processor Control Setup Time (MRDY, Interrupts, DMA/BREQ, 
HALT, RESET) (Figures 6, 8, 9, 10, 12, and 13) 


tpcs 


200 




140 




110 




ns 




Crystal Oscillator Start Time (Figures 6 and 7) 


tRC 




100 




100 




100 


ms 




Processor Control Rise and Fall Time (Figures 6 and 8) 


tPCr. tpcf 




100 




100 




100 


ns 



* Address and data hold times are periodically tested rather than 100% tested 



NOTES 

1 Voltage levels shown are Vl^O 4 V, V|-p2.4 V, unless otherwise specified. 

2 Measurement points shown are 0 8V and 20 V, unless otherwise specified. 

3 Usable access time is computed by: 1 -4-7 max +10-17. 

4 Hold time ( (§) ) for BA and BS is not spec ified 

5 Maximum t cyc during MRDY or DMA/BREQ is 16 (jls 

6. MC6809=1.0 MHz, MC68A09 = 1 5 MHz, MC68B09 = 2.0 MHz. 
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FIGURE 2 - MC6809 EXPANDED BLOCK DIAGRAM 
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FIGURE 3 - BUS TIMING TEST LOAD 



5.0 V 



R|_ = 2.2 k 




C = 30 pF for BA, BS 

130 pF for D0-D7, E.Q_ 
90 pF for A0-A15. R/W 



11.7 kO for D0-D7 

16.5 kQ for A0-A15, E, Q, R/W 

24 kQ for BA. BS 



PROGRAMMING MODEL 

As shown in Figure 4, the MC6809 adds three registers to 
the set available in the MC6800. The added registers include 
a direct page register, the user stack pointer, and a second 
index register. 

ACCUMULATORS (A, B, D) 

The A and B registers are general purpose accumulators 
which are used for arithmetic calculations and manipulation 
of data. 

Certain instructions concatenate the A and B registers to 
form a single 16-bit accumulator. This is referred to as the D 
register, and is formed with the A register as the most signifi- 
cant byte. 

DIRECT PAGE REGISTER (DP) 

The direct page register of the MC6809 serves to enhance 
the direct addressing mode. The content of this register ap- 
pears at the higher address outputs (A8-A15) during direct 
addressing instruction execution. This allows the direct 
mode to be used at any place in memory, under program 
control. To ensure M6800 compatibility, all bits of this 
register are cleared during processor reset. 
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FIGURE 4 - PROGRAMMING MODEL OF THE MICROPROCESSING UNIT 
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X - Index Register 



Y - Index Register 



U - User Stack Pointer 



S - Hardware Stack Pointer 
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INDEX REGISTERS (X, Y) 

The index registers are used in indexed mode of address- 
ing. The 16-bit address in this register takes part in the 
calculation of effective addresses. This address may be used 
to point to data directly or may be modified by an optional 
constant or register offset. During some indexed modes, the 
contents of the index register are incremented or decrement- 
ed to point to the next item of tabular type data. All four 
pointer registers (X, Y, U, S) may be used as index registers. 

STACK POINTER (U,S) 

The hardware stack pointer (S) is used automatically by 
the processor during subroutine calls and interrupts. The 
stack pointers of the MC6809 point to the top of the stack, in 
contrast to the MC6800 stack pointer, which pointed to the 
next free location on the stack. The user stack pointer (U) is 
controlled exclusively by the programmer. This allows 
arguments to be passed to and from subroutines with ease. 
Both stack pointers have the same indexed mode addressing 
capabilities as the X and Y registers, but also support Push 
and Pull instructions. This allows the MC6809 to be used effi- 
ciently as a stack processor, greatly enhancing its ability to 
support higher level languages and modular programming. 

PROGRAM COUNTER 

The program counter is used by the processor to point to 
the address of the next instruction to be executed by the pro- 
cessor. Relative addressing is provided allowing the program 
counter to be used like an index register in some situations. 

CONDITION CODE REGISTER 

The condition code register defines the state of the pro- 
cessor at any given time. See Figure 5: 



FIGURE 5 - CONDITION CODE REGISTER FORMAT 



CC Bit 



7 6 5 4 3 2 



N Z 



EE 



• Carry 

• Overflow 

• Zero 

■ Negative 

• IRQ Mask 

- Half C arry 

• fTrq 

- Entire Flag 



CONDITION CODE REGISTER 
DESCRIPTION 

CARRY FLAG (C) 

Bit 0 is the carry flag, and is usually the carry from, the 
binary ALU. C is also used to represent a 'borrow' from 
subtract-like instructions (CMP, NEG, SUB, SBC) and is the 
complement of the carry from the binary ALU. 

OVERFLOW FLAG (V) 

Bit 1 is the overflow flag, and is set to a one by an opera- 
tion which causes a signed twos complement arithmetic 
overflow. This overflow is detected in an operation in which 
the carry from the MSB in the ALU does not match the carry 
from the MSB- 1. 

ZERO FLAG (Z) 

Bit 2 is the zero flag, and is set to a one if the result of the 
previous operation was identically zero. 



MOTOROLA MICROPROCESSOR DATA 



MC6809 




NEGATIVE FLAG (N) 

Bit 3 is the negative flag, which contains exactly the value 
of the MSB of the result of the preceding operation. Thus, a 
negative twos-complement result will leave N set to a one. 

IRQ MASK (I) 

Bit 4 is the IRQ mask bit. The processor will not recognize 
interr upts fr om the iRQ line if this bit is set to a one. FlMl, 
FIRQ, IRQ, RESET, and SWI all set I to a one. SWI2 and 
SWI3 do not affect I. 

HALF CARRY (H) 

Bit 5 is the half-carry bit, and is used to indicate a carry 
from bit 3 in the ALU as a result of an 8-bit addition only 
(ADC or ADD). This bit is used by the DAA instruction to 
perform a BCD decimal add adjust operation. The state of 
this flag is undefined in all subtract-like instructions. 

FIRQ MASK (F) 

Bit 6 is the FIRQ mask bit. T he processor will not 
reco g nize i nterrupts fr om the FIRQ line if this bit is a one. 
NMI, FIRQ, SWI, and RESET all set F to a one. IRQ, SWI2, 
and SWI3 do not affect F. 

ENTIRE FLAG (E) 

Bit 7 is the entire flag, and when set to a one indicates that 
the complete machine state (all the registers) was stacked, 
as opposed to the subset state (PC and CO. The E bit of the 
stacked CC is used on a return from interrupt (RTI) to deter- 
mine the extent of the unstacking. Therefore, the current E 
left in the condition code register represents past action. 



PIN DESCRIPTIONS 



READ/WRITE (R/W) 

This signal indicates the direction of data transfer on the 
data bus. A low indicates that the MPU is writing data onto 
the data bus. R/W is made high impedance when BA is 
high. R/W is valid on the rising edge of Q. 



RESET 

A low level on this Schmitt-trigger input for greater than one 
bus cycle will reset the MPU, as shown in Figure 6. The reset 
vectors are fetched from locations FFFEjjj and FFFF16 (Table 
1) when interrpt ac knowled ge is true, (BA«BS=1). During in- 
itial power on, the RESET line should be held low until the 
clock oscillator is fully operational. See Figure 7. 

Because the RESET pin has a Schmitt-trigger input with a 
threshold voltage higher than that of standard peripherals, a 
simple R/C network may be used to reset the entire system 
This higher threshold voltage ensures that all peripherals are 
out of the reset state before the processor 



HALT 

A low level on this input pin will cause the MPU to stop 
running at the end of the present instruction and remain halted 
indefinitely without loss of data. When halted, the BA output 
is driven high indicating the buses are high impedance. BS is 
also high which indicates the processor is in the halt or bus 
grant state. While halted , the MPU will not respond to external 
real-time requests (FIRQ , I RQ) alth ough DMA/BREQ will always 
be accepted, and NMI or RESET will be latched for later re- 
sponse. During the halt sta te, Q an d E continue to run normally 
If the MPU is not runnig, (RESET, DM A BRE Q), a halte d state 
(BA»BS = 1 ) c an be achiev ed b y pullin g HALT low while RESET 
is still low. If DMA/BREQ and HALT are both pulled low, the 
processor will reach the last cycle of the instruction (by reverse 
cycle stealing) where the machine will then become halted 
See Figure 8. 



POWER (V S S, V C C> 

Two pins are used to supply power to the part: Vgg is 
ground or 0 volts, while Vcc is +5.0 V ±5%. 

ADDRESS BUS (A0-A15) 

Sixteen pins are used to output address information from 
the MPU onto the address bus. When the processor does 
not require the bus for a data transfer, it will output address 
FFFF16. R/W = 1, and BS = 0; this is a "dummy access" or 
VMA cycle. Addresses are valid on the rising edge of Q. All 
address bus drivers are made high impedance when output 
bus available (BA) is high. Each pin will drive one Schottky 
TTL load or four LSTTL loads, and 90 pF. 

DATA BUS (D0-D7) 

These eight pins provide communication with the system 
bidirectional data bus. Each pin will drive one Schottky TTL 
load or four LSTTL loads, and 130 pF. 



BUS AVAILABLE, BUS STATUS (BA, BS) 

The bus available output is an indication of an internal 
control signal which makes the MOS buses of the MPU high 
impedance. This signal does not imply that the bus will be 
available for more than one cycle. When BA goes low, a 
dead cycle will elapse before the MPU acquires the bus 

The bus status output signal, when decoded with BA, 
represents the MPU state (valid with leading edge of Q) 



MPU State 


MPU State Definition 


BA 


BS 


0 


0 


Normal (Running) 


0 


1 


Interrupt or Reset Acknowledge 


1 


0 


Sync Acknowledge 


1 


1 


Halt or Bus Grant Acknowledge 
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FIGURE 6 - RESET TIMING 



V CC min n+1 n + 2 n + 3 n + 4 n + 5 n + 6 n + 7 n + 8 ,m+1 m+2,m+3 m + 4 m + 5 , m + 6 m + 7 m + 8 m + 9 m+10, 

Kn >|< > l < >l« » l < >K > l < > \ < » l « >l K-nn > | < > | < H< > | < >K > l < >l< > l < >K >K > l 




o 

00 



NOTES: 1. Parts with date codes prefixed by 7F or 5A will come out of RESET one cycle sooner than shown 

2. Timing measurements are refer enced to and from a low voltage of 0.8 volts and a hig h volta ge of 2 0 volts, unless otherwise noted 

3. FFFE appears on the bus during RESET low time Following the active transition of the RESET line, three more FFFE cycles will appear followed 
by the vector fetch 
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FIGURE 7 - CRYSTAL CONNECTIONS AND OSCILLATOR START UP 

vcc 



RESET 





C Vcc mm ^ 

$1 


~u~i_n_r 








H 

< <RC *> 




V IHK 



NOTE: Waveform measurements for all inputs and outputs are specified at logic high 2 0V and logic low 0 8 V unless otherwise specified 
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6 MHz 
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18 pF 
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18 pF 
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24 pF 
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Nominal Crystal Parameters 





3.58 MHz 


4.00 MHz 


6.0 MHz 


8.0 MHz 


Rs 


600 


500 


30-50 0 


20-40 0 


CO 


3 5pF 


6 5pF 


4-6 pF 


4-6 pF 


CI 


0 015pF 


0 025 pF 


0 01-0 02 pF 


0 01-0 02 pF 


Q 


>40k 


>30k 


>20k 


>20k 



All parameters are 10% 
NOTE 1 These are representative AT-cut crystal parameters only Crystals of other 
types of cut may also be used 



Typical PC Board Layout 
• for Crystal Area • 
20 mm max. 




MOTOROLA MICROPROCESSOR DATA 
3-1370 



MC6809 



FIGURE 8 - RAIT AND SINGLE INSTRUCTION 
EXECUTION FOR SYSTEM DEBUG 



2nd To 
Last 
Cycle Of 



Last 
Cycle 
Of 



Current Current 



Inst 



Inst.. 



Dead 
Cycle 



Halted 



Dead 
Cycle 



Inst 
etch 



j ^Cycle^ j ^Fetch^ i 



Instruction Dead 
Execute) Cycle 



Halted 




Data ' 
Bus - 



<ZDCD- 



Instruction 
Opcode 

NOTE Waveform measurements for all inputs and outputs are specified at logic high 2.0 V and logic low 0 8V unless otherwise specified 



INTERRUPT ACKNOWLEDGE is indic ated d uring both 
cycles of a hardware-vector-fetch (RESET, NM~I, FIRQ, IRQ, 
SWI, SWI2, SWI3). This signal, plus decoding of the lower 
four address lines, can provide the user with an indication of 
which interrupt level is being serviced and allow vectoring by 
device See Table 1 

SYNC ACKNOWLEDGE is indicated while the MPU is 
waiting for external synchronization on an interrupt line. 

HALT/BUS GRANT is true when the MC6809 is in a halt 
or bus grant condition 

TABLE 1 - MEMORY MAP FOR INTERRUPT VECTORS 



Memory Map For 
Vector Locations 


Interrupt Vector 
Description 


MS 


LS 


FFFE 


FFFF 


RESET 


FFFC 


FFFD , 


NfsTi 


FFFA 


FFFB 


SWI 


FFF8 


FFF9 


IRQ 


FFF6 


FFF7 


FIRQ 


FFF4 


FFF5 


SWI2 


FFF2 


FFF3 


SWI3 


FFFO 


FFF1 


Reserved 



NON MASKABLE INTERRUPT (NMI)* 

A negative transition on this input requests that a non- 
maskable interrupt sequence be generated A non-maskable 



interrupt cannot be inhib i ted by the program. It also has a 
higher priority tha n FIR Q, IRQ, or software interrupts. During 
recognition of an NMI, the entire mac hine state is saved on 
the hardware stack. After reset, an NMI will not be recognized 
until the first prog ram l oad of the hardware stack pointer (S). 
The pulse width of NMI low must be at least one E cycle. If the 
NMI input does not meet the minimum set up with respect to 
Q, the interrupt will not be recognized until the next cycle. See 
Figure 9. 



FAST-INTERRUPT REQUEST (FIRQ)* 

A low level on this input pin will initiate a fast interrupt se- 
quence, provided its mask bit (F) in the CC is clear. This se- 
quence has priority over the standard interrupt request 
(iRQ~), and is fast in the sense that it stacks only the contents 
of the condition code register and the program counter. The 
interrupt service routine should clear the source of the inter- 
rupt before doing an RTI See Figure 10. 



INTERRUPT REQUEST (IRQ)* 

A low level input on this pin will initiate an interrupt request 
sequence provided the mask bit (I) in the CC is clear. Since 
IRQ stacks the entire mac hine state, it provides a slower re- 
spon se to interrupts than FIRQ. IRQ also has a lower priority 
than FIRQ. Again, the interrupt service routine should clear the 
source of the interrupt before doing an RTI. See Figure 9. 



•NMI, FIRQ, and IRQ requests are sampled on the falling edge of Q. One cycle is required for synchronization before these interrupts are recog- 
nize d. The pending interrupts) will not be serviced until completion of the current instruction unless a SYNC or CWAI condition is present. If IRQ 
and FIRQ do not remain low until completion of the current instruction they may not be recogniz ed. How ever, Nfivft is latched and need only re- 
mam lo w for one cycle. No interrupts are recognized or latched between the falling edge of RESET and the rising edge of BS indicating 
RESET acknowledge. 
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Last Cycle 
of Current 
Instruction 

k H 



FIGURE 10 - FIRQ INTERRUPT TIMING 



Interrupt Stacking and Vector Fetch Sequence 



Instruction 
Fetch 
-*k H 



| m-2 | m-1 | m | m+1 | m+2 | m + 3 | m+4 | m+5 | m+6 | m+7 | m+8 | m+9 | n+1 | n+ | 



Address 
Bus 




"X~TX X \ X X X X X X X X X X x~ 

PC PC FFFF SP-1 SP-2 SP-3 $FFFF $FFF6 $FFF7 $FFFF New PC NewPC+1 



FlR3 



Data 



"'PCS 



~ X X X~ X X D( X X_ XZZ X ^ ( ) ( X X~ 

VMA PCL PCH CCR VHA New PCH New PCL VMA 



o 

OJ 
00 

o 

(0 



R/W 



BA 



ZX_)L_>L 



NOTE: Waveform measurements for all inputs and outputs are specified at logic high 
E clock shown for reference only 



= 2 0 V and logic low = 0 8 V unless otherwise specified 



FIGURE 9 - IRQ AND NMI INTERRUPT TIMING 



Last cycle 
of Current 
Instruction 
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• Interrupt Stacking and Vector Fetch Sequence - 



Instruction 
Fetch 



| m — 2 | m— 1 | m | m+ 1 | m + 2 | m + 3 | m + 4 [ m+ 5 | m+6 | m + 7 | m + 8 | m + 9 |m+ 10|m + 11 |m+ 12 |m+ 13|m+ 14 |m+ 1 5 1 m + 16|m+17|m+18| n |n+l| 



Address 
Bus 

IRQ or 
NMI 




DL-lX X X X X XZD( X XZ^CDCD( X X X XZDCZD( X_3( x x — XI 



PC PC FFFF SP-1 SP-2 SP-3 SP-4 SP-5 SP-6 SP-7 SP-8 SP-9 SP- 10SP- 11 SP- 12 FFFF F_E£C FJEED FFFF New New 
tprs 'MM!) (NMI) PC PC+1 

frSS FFF9 



pm-k — x — x — x — x — x x x x — x x x y — y x y x — x — x — k x_x — x — t 

VMA PCL PCH USL USH IYL IYH IXL IXH DP ACCB ACCA CCR VMA New New VMA 

PCH PCL 



bs^CZXZIX 



f 



J V 



o 

00 

o 



NOTE: Waveform measurements for all inputs and outputs are specified at logic high = 2 0 V and logic low = 0 8 V unless otherwise specified 
E clock shown for reference only 
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XTAL, EXTAL 

These inputs are used to connect the on-chip oscillator to 
an external parallel-resonant crystal. Alternately, the pin 
EXTAL may be used as a TTL level input for external timing 
by grounding XTAL. The crystal or external frequency is four 
times the bus frequency. See Figure 7. Proper RF Iay6ut 
techniques should be observed in the layout of printed circuit 
boards 

E, Q 

E is similar to the MC6800 bus timing signal phase 2; Q is a 
quadrature clock signal which leads E. Q has no parrallel on 
the MC6800 Addresses from the MPU will be valid with the 
leading edge of Q. Data is latched on the falling edge of E 
Timing for E and Q is shown in Figure 11. 

MRDY 

This input control signal allows stretching of E and Q to 
extend data-access time E and Q operate normally while 
MRDY is high. When MRDY is low, E and Q may be stretch- 
ed in integral multiples of quarter ( V* ) bus cycles, thus allow- 
ing interface to slow memories, as sho wn in Figure 12(a) 
During non-valid memory access (VMA cycles), MRDY has 
no effect on stretching E and Q; this inhibits slowing the pro- 
cessor during "don't care" bus accesses. MRDY may also be 
used to stretch clocks (for slow memory) when bus control 
ha s been tran sferred to an external device (through the use 
of HALT and DMA/BREQ). 



DMA/BREQ 

The DMA/BREQ input provides a method of suspending 
execution and acquiring the MPU bus for another use, as 
shown in Figure 13 Typical uses include DMA and dynamic 
memory refresh. 



A low level on this pin will stop instruction execution at the 
end of the current cycle unl ess pre-emp ted by self-refresh. 
The MPU will acknowledge DMA/BREQ by setting BA and 
BS to a one The requesting device will now have up to 15 
bus cycles before the MPU retrieves the bus for self-refresh 
Self-refresh requires one bus cycle with a leading and trailing 
dead cycle . See Figure 14. The self-refresh counter is only 
cleared if DMA/BREQ is inactive for two or more MPU 
cycles. 

Typically, the DMA co ntroller will request to use the bus 
by asserting DMA/BREQ pin low on the leading edge of E 
When the MPU replies by setting BA and BS to a one, that 
cycle will be a dead cycle used to transfer bus mastership to 
the DMA controller 

False memory accesses may be prevented during any dead 
cycles by developing a system DMAVMA signal which is 
LOW in any cycle when BA has changed 

When BA goes low (either as a result of DMABREQ HIGH 
or MPU self-refresh), the DMA device should be taken off the 
bus. Another dead cycle will elapse before the MPU accesses 
memory to allow transfer of bus mastership without conten- 
tion. 

MPU OPERATION 

During normal operation, the MPU fetches an instruction 
from memory and the n execu tes the requested function This 
sequence begins after RESET and is repeated indefinitely un- 
less altered by a special instruction or hardware occurrence 
Software instructions that alter normal MPU operation are 
S WI, SWI2, SW I3, CWAI, RTI, and SYNC. An interrupt, HALT, 
or DMABREQ can also alter the normal execution of instruc- 
tions Figure 15 is the flowchart for the MC6809 



FIGURE 11 - E/Q RELATIONSHIP 



Start of Cycle 
I 

i 

05 V 



End of Cycle (Latch Data) 



-tAVS- 



I 



[ Address Valid | 

NOTE- Waveform measurements for all inputs and outputs are specified at logic high 2.0 V and logic low 0 8V unless otherwise specified 
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FIGURE 12 - MRDY TIMING AND SYNCHRONIZATION 



MRDY 



(a) Timing 
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tpcs 



}1 f 



(b) Synchronization 
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MC6809 MRDY 



MRDY 
Synchronization 




To Memory 
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FIGURE 13 - TYPICAL DMA TIMING (<14 CYCLES) 



•MPU * 



DMA/BREQ 



BA, BS 



Dead 



DMA • 



Dead 



f-MPU 



■'PCS 



-'AQ 



DMAVMA* 



ADDR 
IMPU) 



\ 



> 



mm 



-'PCS 



r 



v 



ADDR 
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> 



FIGURE 14 - AUTO-REFRESH DMA TIMING (>14 CYCLES) 
(REVERSE CYCLE STEALING) 



I Dead r* 



DMAVMA* 



>|Dead|MPU|DeadL< DMA >■ 

I 




* DMAVMA is a signal which is developed externally, but is a system requirement for DMA. Refer to Application Note AN-820 

NOTE- Waveform measurements for all inputs and outputs are specified at logic high 2.0 V and logic low 0 8 V unless otherwise specified. 
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ADDRESSING MODES 




The basic instructions of any computer are greatly enhanced 
by the presence of powerful addressing modes. The MC6809 
has the most complete set of addressing modes available on 
any microcomputer. For example, the MC6809 has 59 basic 
instructions; however, it recognizes 1464 different variations 
of instructions and addressing modes. The addressing modes 
support modern programming techniques. The following ad- 
dressing modes are available on the MC6809: 
Inherent (Includes Accumulator) 
Immediate 
Extended 

Extended Indirect 
Direct 
Register 
Indexed 
Zero-Offset 
Constant Offset 
Accumulator Offset 
Auto Increment/Decrement 
Indexed Indirect 
Relative 
Short/Long Relative Branching 
Program Counter Relative Addressing 

INHERENT (INCLUDES ACCUMULATOR) 

In this addressing mode, the opcode of the instruction 
contains all the address information necessary Examples of 
inherent addressing are: ABX, DAA, SWI, ASRA, and 
CLRB. 

IMMEDIATE ADDRESSING 

In immediate addressing, the effective address of the data 
is the location immediately following the opcode (i.e , the 
data to be used in the instruction immediately following the 
opcode of the instruction). The MC6809 uses both 8- and 
16-bit immediate values depending on the size of argument 
specified by the opcode. Examples of instructions with im- 
mediate addressing are' 

LDA #$20 

LDX #$F0O0 

LDY #CAT 

NOTE 

# signifies immediate addressing; $ signifies hexade- 
cimal value. 

EXTENDED ADDRESSING 

In extended addressing, the contents of the two bytes im- 
mediately following the opcode fully specify the 16-bit effec- 
tive address used by the instruction. Note that the address 
generated by an extended instruction defines an absolute 
address and is not position independent Examples of ex- 
tended addressing include: 

LDA CAT 

STX MOUSE 

LDD $2000 



EXTENDED INDIRECT - As in the special case of indexed 
addressing (discussed below), one level of indirection may 
be added to extended addressing In extended indirect, the 
two bytes following the postbyte of an indexed instruction 
contain the address of the data 

LDA [CAT] 

LDX [$FFFE] 

STU [DOG] 

DIRECT ADDRESSING 

Direct addressing is similar to extended addressing except 
that only one byte of address follows the opcode. This byte 
specifies the lower eight bits of the address to be used. The 
upper eight bits of the address are supplied by the direct 
page register. Since only one byte of address is required in 
direct addressing, this mode requires less memory and 
executes faster than extended addressing Of course, only 
256 locations (one page) can be accessed without redefining 
the contents of the DP register Since the DP register is set 
to $00 on reset, direct addressing on the MC6809 is compati- 
ble with direct addressing on the M6800. Indirection is not 
allowed in direct addressing. Some examples of direct 
addressing are: 

LDA $30 

SETDP $10 (assembler directive) 
LDB $1030 
LDD < CAT 

NOTE 

< is an assembler directive which forces direct 
addressing 

REGISTER ADDRESSING 

Some opcodes are followed by a byte that defines a 
register or set of registers to be used by the instruction. This 
is called a postbyte. Some examples of register addressing 
are: 

TFR X, Y Transfers X into Y 

EXG A, B Exchanges A with B 

PSHS A, B, X, Y Push Y, X, B and A onto S 
PULU X, Y, D Pull D, X, and Y from U 

INDEXED ADDRESSING 

In all indexed addressing, one of the pointer registers (X, 
Y, U, S, and sometimes PC) is used in a calculation of the ef- 
fective address of the operand to be used by the instruction 
Five basic types of indexing are available and are discussed 
below The postbyte of an indexed instruction specifies the 
basic type and variation of the addressing mode as well as 
the pointer register to be used. Figure 16 lists the legal for- 
mats for the postbyte. Table 2 gives the assembler form and 
the number of cycles and bytes added to the basic values for 
indexed addressing for each variation. 
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FIGURE 16 - INDEXED ADDRESSING POSTBYTE 
REGISTER BIT ASSIGNMENTS 



Postbyte Register Bit 


Indexed 
Addressing 
Mode 


7 


6 


5 


4 


3 


2 


1 


0 


0 


R 


R 


d 


d 


d 


d 


d 


EA = ,R + 5 Bit Offset 


1 


R 


R 


0 


0 


0 


0 


0 


,R + 




R 


R 


i 


0 


0 


0 


1 


,R + + 




R 


R 


0 


0 


0 


1 


0 


,-R 




R 


R 




0 


0 


1 


1 


, R 




R 


R 




0 


1 


0 


0 


EA = ,R +0 Offset 




R 


R 




0 


1 


0 


1 


EA = ,R + ACCB Offset 




R 


R 




0 


1 


1 


0 


EA = ,R + ACCA Offset 




R 


R 






0 


0 


0 


EA = ,R +8 Bit Offset 




R 


R 






0 


0 


1 


EA = ,R + 16 Bit Offset 




R 


R 






0 


1 


1 


EA = ,R +D Offset 




X 


X 






1 


0 


0 


EA = ,PC +8 Bit Offset 






X 






1 


0 


1 


EA = ,PC + 16 Bit Offset 




R 


R 






1 


1 


1 


EA = [.Address] 






1 Addressing Mode Field 

Indirect Field 



(Sign bit when by = 0) 



1 Register Field RR 

00 = X 

x = Don't Care rj1 = Y 

d = Offset Bit 10 = U 

0= Not Indirect 11 = S 



ZERO-OFFSET INDEXED — In this mode, the selected pointer 
register contains the effective address of the data to be used 
by the instruction. This is the fastest indexing mode. 
Examples are: 
LDD O, X 
LDA ,S 

CONSTANT OFFSET INDEXED — In this mode, a two's-com- 
plement offset and the contents of one of the pointer registers 
are added to form the effective address of the operand. The 
pointer register's initial content is unchanged by the addition. 
Three sizes of offset are available: 
5-bit (-16 to +15) 
8-bit (-128 to +128) 
16-bit (-32768 to +32767) 
The twos complement 5-bit offset is included in the postbyte 
and, therefore, is most efficient in use of bytes and cycles. The 
twos complement 8-bit offset is contained in a single byte 
following the postbyte. The twos complement 16-bit offset is 
in the two bytes following the postbyte. In most cases the 
programmer need not be cocerned with the size of this offset 
since the assembler will select the optimal size automatically. 
Examples of constant-offset indexing are: 
LDA 23,X 
LDX -2,S 
LDY 300,X 
LDU CAT.Y 



TABLE 2 — INDEXED ADDRESSING MODE 







Non Indirect 






Indirect 






Type 


Forms 


Assembler 


Postbyte 


+ 


+ 


Assembler 


Postbyte 


+ 


+ 






Form 


Opcode 




# 


Form 


Opcode 




f 


Constant Offset From R 


No Offset 


,R 


1RR001CO 


0 


0 


[,R] 


1RR10100 


3 


0 


(2s Complement Offsets) 


5-Bit Offset 


n, R 


ORRnnnnn 


1 


0 


defaults to 8-bit 








8-Bit Offset 


n, R 


1RR01000 


1 


1 


[n, R] 


1RR110O0 


4 


1 




16- Bit Offset 


n, R 


1RR01001 


4 


2 


tn, Rl 


1RR11001 


7 


2 


Accumulator Offset From R 


A Register Offset 


A, R 


1RR00110 


1 


0 


[A, R] 


1RR10110 


4 


0 


(2s Complement Offsets) 


B Register Offset 


B, R 


1RR00101 


1 


0 


[B, R] 


1RR10101 


4 


0 




D Register Offset 


D, R 


1RR01011 


4 


0 


[D, R] 


1RR11011 


7 


0 


Auto Increment/Decrement R 


Increment By 1 


,R + 


1RR0000O 


2 


0 


not allowed 








Increment By 2 


,R+ + 


1RR00001 


3 


0 


[,R++] 


1RR10001 


6 


0 




Decrement By 1 


,-R 


1RR00010 


2 


0 


not allowed 








Decrement By 2 


, R 


1RR00011 


3 


0 


(,--R) 


1RR10011 


6 


0 


Constant Offset From PC 


8-Bit Offset 


n, PCR 


1xx01100 


1 


1 


[n, PCR] 


1xx11100 


4 


1 


(2s Complement Offsets) 


16-Bit Offset 


n, PCR 


1xx01101 


5 


2 


In, PCR] 


1xx11101 


8 


2 


Extended Indirect 


16-Bit Address 










[n] 


10011111 


5 


2 



R = X, Y, U, orS RR- 
x = Don't Care 00 =X 



01 = Y 
10= U 
11 = S 



and . indicate the number of additional cycles and bytes for the particular variation 
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ACCUMULATOR-OFFSET INDEXED - This mode is 
similar to constant offset indexed except that the twos- 
complement value in one of the accumulators (A, B, or D) 
and the contents of one of the pointer registers are added to 
form the effective address of the operand. The contents of 
both the accumulator and the pointer register are unchanged 
by the addition. The postbyte specifies which accumulator 
to use as an offset and no additional bytes are required. The 
advantage of an accumulator offset is that the value of the 
offset can be calculated by a program at run-time. 
Some examples are: 

LDA B,Y 

LDX D,Y 

LEAX B,X 

AUTO INCREMENT/DECREMENT INDEXED - In the 

auto increment addressing mode, the pointer register con- 
tains the address of the operand. Then, after the pointer 
register is used it is incremented by one or two. This address- 
ing mode is useful in stepping through tables, moving data, 
or for the creation of software stacks. In auto decrement, the 
pointer register is decremented prior to use as the address of 
the data. The use of auto decrement is similar to that of auto 
increment; but the tables, etc., are scanned from the high to 
low addresses. I The size of the increment/decrement can be 
either one or two to allow for tables of either 8- or 16-bit data 
to be accessed and is selectable by the programmer. The 
pre-decrement, post-increment nature of these modes 
allows them to be used to create additional software stacks 
that behave identically to the U and S stacks. 

Some examples of the auto increment/decrement ad- 
dressing modes are: 

LDA ,X + 

STD ,Y+ + 

LDB ,-Y 

LDX ,--S 

Care should be taken in performing operations on 16-bit 
pointer registers (X, Y, U, S) where the same register is used 
to calculate the effective address. 

Consider the following instruction: 

STX 0,X+ + (X initialized to 0) 
The desired result is to store zero in locations $0000 and 
$0001, then increment X to point to $0002. In reality, the 
following occurs: 

0-^temp calculate the EA; temp is a holding register 
X + 2—X perform auto increment 
X-(temp) do store operation 

INDEXED INDIRECT - All of the indexing modes, with 
the exception of auto increment/ decrement by one or a 
± 4-bit offset, may have an additional level of indirection 
specified. In indirect addressing, the effective address is con- 
tained at the location specified by the contents of the index 
register plus any offset. In the example below, the A ac- 
cumulator is loaded indirectly using an effective address 
calculated from the index register and an offset 



$0100 

$F010 
$F011 

$F150 



Before Execution 
A=XX (don't care) 
X=$F000 

LDA [$10,X] EAisnow$F010 



$F1 

$50 



$F150 is now the 
new EA 



$AA 
After Execution 
A=$AA Actual Data Loaded 
X = $F000 

All modes of indexed indirect are included except those 
which are meaningless (e.g , auto increment/decrement by 
one indirect) Some examples of indexed indirect are. 

LDA [,X] 

LDD [10.S] 

LDA [B,Y] 

LDD [,X++] 

RELATIVE ADDRESSING 

The byte(s) following the branch opcode is (are) treated as 
a signed offset which may be added to the program counter 
If the branch condition is true, then the calculated address 
(PC + signed offset) is loaded into the program counter 
Program execution continues at the new location as in- 
dicated by the PC; short (one byte offset) and long (two 
bytes offset) relative addressing modes are available All of 
memory can be reached in long relative addressing as an ef- 
fective address is interpreted modulo 2 1 6. Some examples of 
relative addressing are: 



CAT 
DOG 



RAT 
RABBIT 

PROGRAM COUNTER RELATIVE - The PC can be used 
as the pointer register with 8- or 16-bit signed offsets As in 
relative addressing, the offset is added to the current PC to 
create the effective address The effective address is then 
used as the address of the operand or data Program counter 
relative addressing is used for writing position independent 
programs. Tables related to a particular routine will maintain 
the same relationship after the routine is moved, if 
referenced relative to the program counter Examples are 

LDA CAT, PCR 

LEAX TABLE, PCR 
Since program counter relative is a type of indexing, an 
additional level of indirection is available 

LDA [CAT, PCR] 

LDU [DOG, PCR] 



BEQ 


CAT 


(short) 


BGT 


DOG 


(short) 


LBEQ 


RAT 


(long) 


LBGT 

• 

• 


RABBIT 


(long) 


• 

NOP 






NOP 
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INSTRUCTION SET 

The instruction set of the MC6809 is similar to that of the 
MC6800 and is upward compatible at the source code level. 
The number of opcodes has been reduced from 72 to 59, but 
because of the expanded architecture and additional address- 
ing modes, the number of available opcodes (with different 
addressing modes) has risen from 197 to 1464. 

Some of the new instructions are described in detail below. 



PSHU/PSHS 

The push instructions have the capability of pushing onto 
either the hardware stack (S) or user stack (U) any single 
register or set of registers with a single instruction 



PULU/PULS 

The pull instructions have the same capability of the push 
instruction, in reverse order The byte immediately following 
the push or pull opcode determines which register or 
registers are to be pushed or pulled The actual push/ pull se- 
quence is fixed, each bit defines a unique register to push or 
pull, as shown below 



Transfer/ Exchange Postbyte 



Source 



Destination 



Register Field 

0CO0=DIA:B) 1000 = A 
0001 = X 1001 = B 

0010=Y 1010=CCR 
0011 = U 1011 = DPR 

0100= S 
0101 = PC 

NOTE 

All other combinations are undefined and INVALID 

LEAX/ LEAY/ LEAU/ LEAS 

The LEA (load effective address) works by calculating the 
effective address used in an indexed instruction and stores 
that address value, rather than the data at that address, in a 
pointer register This makes all the features of the internal 
addressing hardware available to the programmer. Some of 
the implications of this instruction are illustrated in Table 3 

The LEA instruction also allows the user to access data 
and tables in a position independent manner For example: 
LEAX MSG1, PCR 
LBSR PDATA (print message routine) 



Push/ Pull Postbyte 





Stacking Order 




Pull Order 




I 


CCR 


CC 


A 


A 


B 


B 


DPR 


DP 


X 


X Hi 


Y 


X Lo 


S/U 


Y Hi 


PC 


Y Lo 




U/S Hi 




U/S Lo 




PC Hi 




PC Lo 




t 




Push Order 




Increasing 




Memory 



TFR/EXG 

Within the MC6809, any register may be transferred to or 
exchanged with another or like size, i.e., 8 bit to 8 bit or 16 bit 
to 16 bit. Bits 4-7 of post byte define the source register, while 
bits 0-3 represent the destination register. These are denoted 
as follows: 



MSG1 FCC 'MESSAGE' 

This sample program prints: 'MESSAGE'. By writing 
MSG1, PCR, the assembler computes the distance between 
the present address and MSG1 This result is placed as a 
constant into the LEAX instruction which will be indexed 
from the PC value at the time of execution. No matter where 
the code is located when it is executed, the computed offset 
from the PC will put the absolute address of MSG1 into the X 
pointer register. This code is totally position independent. 

The LEA instructions are very powerful and use an internal 
holding register (temp). Care must be exercised when using 
the LEA instructions with the auto increment and auto 
decrement addressing modes due to the sequence of internal 
operations. The LEA internal sequence is outlined as follows. 



LEAa ,b + 

1. b— temp 

2. b+1— b 
3 temp— a 

LEAa , - b 

1. b- 1 — temp 

2. b-1 — b 

3. temp— a 



(any of the 16-bit pointer registers X, Y, 
U, or S may be substituted for a and b) 
(calculate the EA) 
(modify b, postincrement) 
(load a) 



(calculate EA with predecrement) 
(modify b, predecrement) 
(load a) 



TABLE 3 - LEA EXAMPLES 



Instruction 


Operation 


Comment 


LEAX 


10, X 


X + 10 — 


X 


Adds 5-Bit Constant 10 to X 


LEAX 


500, X 


X + 500 — 


X 


Adds 16-Bit Constant 500 to X 


LEAY 


A, Y 


Y + A — 


Y 


Adds 8-Bit A Accumulator to Y 


LEAY 


D, Y 


Y + D — 


Y 


Adds 16-Bit D Accumulator to Y 


LEAU 


-10, U 


U - 10 — 


U 


Substracts 10 from U 


LEAS 


-10, S 


S - 10 — 


s 


Used to Reserve Area on Stack 


LEAS 


10, S 


S + 10 — 


S 


Used to 'Clean Up' Stack 


LEAX 


5, S 


S + 5 — 


X 


Transfers As Well As Adds 
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Auto increment-by-two and auto decrement-by-two instruc- 
tions work similarly. Note that LEAX ,X+ does not change 
X; however, LEAX, -X does decrement; LEAX 1, X should 
be used to increment X by one. 

MUL 

Multiplies the unsigned binary numbers in the A and B ac- 
cumulator and places the unsigned result into the 16-bit D 
accumulator. The unsigned multiply also allows multiple- 
precision multiplications. 

LONG AND SHORT RELATIVE BRANCHES 

The MC6809 has the capability of program counter relative 
branching throughout the entire memory map. In this mode, 
if the branch is to be taken, the 8- or 16-bit signed offset is 
added to the value of the program counter to be used as the 
effective address. This allows the program to branch 
anywhere in the 64K memory map. Position-independent 
code can be easily generated through the use of relative 
branching. Both short (8-bit) and long (16-bit) branches are 
available. 

SYNC 

After encountering a sync instruction, the MPU enters a 
sync state, stops processing instructions, and wait s for an 
interrupt I f the pending interrupt is non-maskable (NMD or 
maskable (FIRQ, IFlQ") with its mask bit (F or I) clear, the pro- 
cessor will clear the sync state and perfor m the normal inter- 
rupt stacking and service routine. Since FIRQ and fR~Q" are 
not edge-triggered, a low level with a minimum duration of 
three bus cycles is required to assure that the i nterru pt will 
be taken. If the pending interrupt is maskable (FIRQ, IRQ) 
with its mask bit (F or I) set, the processor will clear the sync 
state and continue processing by executing the next in-line 
instruction. Figure 18 depicts sync timing. 

SOFTWARE INTERRUPTS 

A software interrupt is an instruction which will cause an 
interrupt and its associated vector fetch. These software in- 
terrupts are useful in operating system calls', software 
debugging, trace operations, memory mapping, and soft- 
ware development systems. Three levels of SWI are available 
on the MC6809, and are prioritized in the following order: 
SWI, SWI2, SWI3. 

16-BIT OPERATION 

The MC6809 has the capability of processing 16-bit data. 
These instructions include loads, stores, compares, adds, 
subtracts, transfers, exchanges, pushes, and pulls 

CYCLE-BY-CYCLE OPERATION 

The address bus cycle-by-cycle performance chart (Figure 
18) illustrates the memory-access sequence corresponding 
to each possible instruction and addressing mode in the 
MC6809. Each instruction begins with an opcode fetch. 
While that opcode is being internally decoded, the next pro- 
gram byte is always fetched. (Most instructions will use the 
next byte, so this technique considerably speeds through- 
put.) Next , the operation of each opcode will follow the 
flowchart. VMA is an indication of FFFF16 on the address 
bus, R/W= 1 and BS = 0. The following examples illustrate 
the use of the chart. 



Example 1: LBSR (Branch Taken) 
Before Execution SP=F000 



$8000 



$A000 CAT 



LBSR CAT 



CYCLE-BY-CYCLE FLOW 



Cycle 0 


Address 


Data 


R/W 


Description 


1 


8000 


17 


1 


Opcode Fetch 


2 


8001 


20 


1 


Offset High Byte 


3 


8002 


00 


1 


Offset Low Byte 


4 


FFFF 


ft 


1 


VMA" Cycle 


5 


FFFF 


* 


1 


VMS Cycle 


6 


A0O0 


« 


1 


Computed Branch Address 


7 


FFFF 


ft 


1 


VMA" Cycle 


8 


EFFF 


80 


0 


Stack High Order Byte of 
Return Address 


9 


EFFE 


03 


0 


Stack Low Order Byte of 
Return Address 



Example 2: DEC (Extended) 
$8000 DEC $A000 



$A8000 $80 



CYCLE-BY-CYCLE FLOW 



Cycle # 


Address 


Data 


R/W 


Description 


1 


8000 


7A 


1 


Opcode Fetch 


2 


8001 


AO 


1 


Operand Address, High Byte 


3 


8002 


00 


1 


Operand Address, Low Byte 


4 


FFFF 


* 


1 


VMA Cycle 


5 


AOOO 


80 


1 


Read the Data 


6 


FFFF 




1 


VMA Cycle 


7 


AOOO 


7F 


0 


Store the Decremented Data 



The data bus has the data at that particular address 
INSTRUCTION SET TABLES 

The instructions of the MC6809 have been broken down 
into five different categories. They are as follows: 

8-bit operation (Table 4) 
16-bit operation (Table 5) 
Index register/ stack pointer instructions (Table 6) 
Relative branches (long or short) (Table 7) 
Miscellaneous instructions (Table 8) 
Hexadecimal values for the instructions are given in 
Table 9. 

PROGRAMMING AID 

Figure 19 contains a compilation of data that will assist in 
programming the MC6809. 
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FIGURE 17 - SYNC TIMING 

Last 

Cycle Of Sync Last Cycle 

Previous Opcode of Sync Instruct 

Inst Fetch Execute Sync Acknowledge instruction. Fetch . 

h — *H — H« H« or *+« — *+* — H 



en 
o 

CO 
(D 
O 



Address 
Data 

R/W 
BA 
BS 



IRQ 
NMI V 



x 



See Note 1 



See Note 2 



•IPCS 



NOTES 

1 If the associated ma sk b it is set when the i nterru pt is requested, this cycle will be an instruction fetch from address location PC + 1 However, if the in- 
terrupt is accepted (NMI or an unm asked FIRQ or IRC;) interrupt processing continues with this cycle as m on Figures 9 and 10 (Interrupt Timing) 

2 If mask bits are clear, IRQ and FIRQ must be held low for three cycles to guarantee interrupt to be taken, although only one cycle is necessary to bring 
the processor out of SYNC 

3 Waveform measurements for all inputs and outputs are specified at logic high 2 0V and logic low 08V unless otherwise specified 
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FIGURE 18 - CYCLE-BY-CYCLE PERFORMANCE (Sheet 1 of 5) 




Relative Addressing 
Mode 




LBCC. LBCS. LBEO. L8GE, 
1BGT, IBHI. LEWS, t-Btf, 
LBUX LBLS, LBLT. 
LBMI. 18NE, LBPL. 

LBRA, IBRNiLBSR 
LBVC, LBVS 



NOTES 
t Each state shows 
Data Bu 



2 Address NNNN is location of opcode 

3 If opcode is a two byte opcode subsequent 
addresses are in parenthesis ( - ) 

4 Two-byte opcodes are highlighted 




BCC. BCS, BEQ, BGE, BGT, BHI, 
BHS. BLE, BID, BLS, BLT, BMI. 
BNE. BPL, BRA, BRN, 
BSR, BVC. BVS 
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FIGURE 18 - CYCLE-BY-CYCLE PERFORMANCE (Sheet 2 of 5) 



Inherent Addressing Mode 



ASLA/B 

ASRA/B 

CLRA/B 

COMA/B 

DAA 

DECA/B 

INCA/B 

LSLA/B 

LSRA/B 

NEGA/B 

NOP 

ROLA/B 

RORA/B 

SEX 

TSTA/B 



FFFF 



FFFF 



Stack 

~r 



Staok 

~T~ 



User Stack Low 



Stack 



Slack 

T 



Stack 



FFFF 

m 



Stack 



Stack 



Stack 



Stack 



Stack 
I 



User Stack Low 



Stack 




User Stack Low 



Stack 



Stack 



Stack 

IE 
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FIGURE 18 - CYCLE-BY-CYCLE PERFORMANCE (Sheet 4 of 5) 



Indexed Addressing Mode 



NNNN + 2I3I 

IZEZ 



i l Offset | 



NNNN + 213) 



I' A/B Otfsel T 
Fr om R f 



NNNN+I2I 

~~T~ 



NNNN + 2I3I 



Inc/Dec T Inc/Dec 1 PC± 16-Bit t Emended] PC±8-Bil| 

R by 1 y R by 2 jr O tlsel | I ndirect jr Onset f 



NNNN«-2I3I 

~T~ 



NNNN + 2I3I 

~T~ 



NNNN + 2I3I 



FFFF 

IE 



NNNN-t4l5l 

ZEZ 



FFFF 



FFFF 

31 




FFFF 
31 



Constant Offset from R 
No Offset 
8- Bit Offset 
16-B.l Offset 



A Register Offset 
B Register Offset 
□ Register Offset 



Index Register 

Index Register + Offset Byte 

Index Register + Offset High Byte Offset Low Byte 




lent/Decrement R 



Constant Offset from PC 



Index Register + A Register 
Index Register + B Register 
Index Register + D Register 



Program Counter + Offset Byte 

Program Counter + Offset High Byte Offset Low Byte 



Address High Byte Addres Low Byte 



The index register is incremented following the indexed access 
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FIGURE 18 - CYCLE-BY-CYCLE PERFORMANCE (Sheet 5 of 5) 



Effective Addre 
JMP 
(All Except 
Immediate) 



1 



ADCA/B, 
ADDA/8, 
ANDA/B. 
BITA/B. 
CMPA/B, 
EDRA/B. 
LDA/B. 
ORA/8, 
SBCA/B. 
SU8A/B 



STA/B 
(All Except 
Immediate) 



Registe 


(Write) 


E 


A 



ASL, ASR, 
CLR, COM, 
DEC, INC. 
LSL, LSR, 
NEC ROL, 
RDR (All 
Except 
Immediate) 



JSR 
(All Except 
Immediate) 



LEAS, 
LEAV, 
LEAX, 
LEAY 
(Indexed Only) 



PC Low (Write) 



Effective Address (EA) 



Constant Offset from R 
No Offset 
5-Bit Offset 
8-Bit Offset 
16-Bit Offset 

Accumulator Offset from R 
A Register Offset 
B Register Offset 
D Register Offset 

Auto Increment/ Decrement R 
Increment by 1 
Increment by 2 
Decrement by 1 
Decrement by 2 

Constant Offset from PC 
8-8it Offset 
16 Bit Offset 

Direct 

Extended 

Immediate 

The index register is incremented following the indexed 



Index Register 

Index Register 

Index Register + Post Byte 

Index Register + Post Byte High Post Byte Low 



Index Register + A Register 
Index Register + B Register 
Index Register + D Register 



Index Register^ 
Index Register" 
Index Register - 1 
Index Register - 2 



Program Counter + Offset Byte 

Program Counter + Offset High Byte Offset Low Byte 
Direct Page Register Address Low 
Address High Address Low 
NNNN+ 1 
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TABLE 4 - 8-BIT ACCUMULATOR AND MEMORY INSTRUCTIONS 





0 po rs X 10 n 


ahta AnrR 


Add memory to accumulator with carry 




Add memory to accumulator 


ANDA, ANDB 


And memory with accumulator 


ASL, ASLA, ASLB 


Arithmetic shift of accumulator or memory left 


AQR ACQ A ACDD 


MrilMiiiciKj omul u i aLLUif luiaiui xji iiiciiiLJiy iiyiii 


BITA, BITB 


Bit test memory with accumulator 


CLR CLRA CLRB 


Clear accumulator or memory location 


CMPA CMPB 


Compare memory from accumulator 


^'-'IVI, VjWIVlM, V-,UIVID 


Complement accumulator or memory location 


DAA 


Oecimal adjust A accumulator 




Decrement accumulator or memory location 


EORA, EORB 




cyp pi m 
CAu n I , nY 


Cunhnnnn D1 v»»*li DO 1D1 DO —AD HD\ 

txcnange hi witn n/. tni, nz = a, d, uu, urj 


INC INCA INCB 


Uad^ccumu^ato^hom ^emor^ l0Ca "° n 


LDA, LDB 




LSL LSLA LSLB 


Log^ca^shifUeVaccu^ memory location 


LSR, LSRA, LSRB 


Logical shift right accumulator or memory location 


MUL 


Unsigned multiply IA x B - Dl 


NEG, NEGA, NEGB 


Negate accumulator or memory 


ORA, ORB 


Or memory with accumulator 


ROL, ROLA, ROLB 


Rotate accumulator or memory left 


ROR, RORA, RORB 


Rotate accumulator or memory right 


SBCA, SBCB 


Subtract memory from accumulator with borrow 


STA, STB 


Store accumulator to memory 


SUBA, SUBB 


Subtract memory from accumulator 


TST, TSTA, TSTB 


Test accumulator or memory location 


TFR R1, R2 


Transfer R1 to R2 (R1, R2 = A. B, CC, DP) 




NOTE A, B, CC, or DP may be pushed to (pulled from) stack with either PSHS, PSHU 
(PULS.PULU) instructions 



TABLE 5 - 16-BIT ACCUMULATOR AND MEMORY INSTRUCTIONS 



Mnemonic(s) 


Operation 


ADDD 


Add memory to D accumulator 


CMPD 


Compare memory from D accumulator 


EXG D, R 


Exchange D with X, Y, S, U, or PC 


LDD 


Load D accumulator from memory 


SEX 


Sign Extend B accumulator into A accumulator 


STD 


Store D accumulator to memory 


SUBD 


Subtract memory from D accumulator 


TFR D. R 


Transfer D to X, Y, S, U, or PC 


TFR R, D 


Transfer X, Y, S, U, or PC to D 



NOTE D may be pushed (pulled) to stack with either PSHS, PSHU (PULS, 
PULU) instructions 
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TABLE 6 - INDEX REGISTER/STACK POINTER INSTRUCTIONS 



Instruction 


Description 


CMPS, CMPU 


Compare memory from stack pointer J 


CMPX. CMPY 


Compare memory from index register 


EXG R1. R2 


Exchange D, X, Y. X, U. or PC with D. X Y. S, U, or PC 


LEAS. LEAU 


Load effective address into stack pointer 


LEAX. LEAY 


Load effective address into index register 


LOS, LDU 


Load stack pointer from memory 


LDX, LDY 


Load index register from memory 


PSHS 


Push A, B. CC. DP, D. X, Y, U, or PC onto hardware stack 


PSHU 


Push A, B, CC, DP, D, X, Y, S. or PC onto user stack 


PULS 


Pull A, B, CC, DP, D, X, Y, U, or PC from hardware stack 


PULU 


Pull A, B, CC, DP, D, X, Y, S, or PC from hardware stack 


STS. STU 


Store stack pointer to memory 


STX, STY 


Store index register to memory 


TFR R1. R2 


Transfer D, X, Y, S, U or PC to D, X, Y, S, U, or PC 


ABX 


Add B accumulator to X (unsigned) 


TABLE 7 - BRANCH INSTRUCTIONS 


Instruction 


Description 


SIMPLE BRANCHES 


BEQ, LBEQ 


Branch if equal 


BNE, LBNE 


Branch if not equal 


BMI, LBMI 


Branch if minus 


BPL, LBPL 


Branch if plus 


BCS. LBCS 


Branch if carry set 


BCC, LBCC 


Branch if carry clear 


BVS, LBVS 


Branch if overflow set 


BVC, LBVC 


Branch if overflow clear 


SIGNED BRANCHES 


BGT. LBGT 


Branch if greater (signed) 


BVS, LBVS 


Branch if invalid 2s complement result 


BGE, LBGE 


Branch if greater than or equal (signed) 


BEQ, LBEQ 


Branch if equal 


BNE, LBNE 


Branch if not equal 


BLE, LBLE 


Branch if less than or equal (signed) 


BVC, LBVC 


Branch if valid 2s complement result 


BLT, LBLT 


Branch if less than (signed) 


UNSIGNED BRANCHES 


BHI, LBHI 


Branch if higher (unsigned) 


BCC, LBCC 


Branch if higher or same (unsigned) 


BHS, LBHS 


Branch if higher or same (unsigned) 


BEQ. LBEQ 


Branch if equal 


BNE, LBNE 


Branch if not equal 


BLS, LBLS 


Branch if lower or same (unsigned) 


BCS, LBCS 


Branch if lower (unsigned) 


BLO, LBLO 


Branch if lower (unsigned) 


OTHER BRANCHES 


BSR, LBSR 


Branch to subroutine 


BRA, LBRA 


Branch always 


BRN. LBRN 


Branch never 


TABLE 8 - MISCELLANEOUS INSTRUCTIONS 


Instruction 


Description 


ANOCC 


AND condition code register 


CWAI 


AND condition code register, then wait for interrupt 


NOP 


No operation 


ORCC 


OR condition code register 


JMP 


Jump 


JSR 


Jump to subroutine 


RTI 


Return from interrupt 


RTS j 


Return from subroutine 


SWI, SWI2, SWI3 


Software interrupt (absolute indirect) 


SYNC 


Synchronize with interrupt line 
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TABLE 9 - HEXADECIMAL VALUES OF MACHINE CODES 



OP 


Mnem 


Mode 




# 


OP 


Mnem 


Mode 




I 


HP 

Ur 


— — 

Mnem 


Mode 




1 


00 


NEG 


Dir 


=ct 


6 


2 


30 


LEAX. 


Indt 


xed 


4 + 


2 + 


60 


NEG 


Inde 


xed 


6 + 


2 + 


01 


» 


; 








31 


LEAY 






4 + 


2 + 


61 


* 


t 


k 






02 


* 










32 


LEAS 


; 




4 + 


2 + 


62 


* 










03 


COM 






6 


2 


33 


LEAU 


Indexed 


4 + 


2 + 


63 


COM 






6 + 


2 + 


04 


LSR 






6 


2 


34 


PSHS 


Immed 


5 + 


2 


64 


LSR 






6 + 


2 + 


05 


* 










35 


PULS 


Immed 


5 + 


2 


65 


* 










06 


ROR 






6 


2 


36 


PSHU 


Immed 


5 + 


2 


66 


ROR 






6 + 


2 + 


07 


ASR 






6 


2 


37 


PULU 


Immed 


5 + 


2 


67 


ASR 






6 + 


2 + 


08 


ASL, LSL 






6 


2 


38 


* 










68 


ASL, LSL 






6 + 


2 + 


09 


ROL 






6 


2 


39 


RTS 


Inherent 


5 


1 


69 


ROL 






6 + 


2 + 


OA 


DEC 






6 


2 


3A 


ABX 






3 


1 


6A 


DEC 






6 + 


2 + 


OB 


* 










3B 


RTI 






6/15 


1 


6B 


* 










OC 


INC 






6 


2 


3C ' 


CWAI 






£20 




6C 


INC 






6 + 


2 + 


OD 


TST 






6 


2 


3D 


MUL 


Inherent 


11 


1 


6D 


TST 






6 + 


2 + 


OE 


JMP 


Dir 


3Ct 


3 


2 


3E 


# 










6E 


JMP 




> 


3 + 


2 + 


OF 


CLR 


6 


2 


3F 


SWI 


Inherent 


19 


1 


6F 


CLR 


Indexed 


6 + 


2+ 


10 


Page 2 






- 


- 


40 


NEGA 


Inherent 


2 


1 


70 


NEG 1 


Extended 


7 


3 


11 


Page 3 






- 


- 


41 


* 


i 


k 






71 


* 


/ 


k 






12 


NOP 


Inherent 


2 


1 


42 


# 










72 


* 










13 


SYNC 


Inherent 


24 


1 


43 


COMA 






2 


] 


73 


COM 






7 


3 


14 












44 


LSRA 






2 




74 


LSR 






7 


3 


15 


* 










45 












75 












16 


LBRA 


Relative 


5 


3 


46 


RORA 






2 


1 1 


76 


ROR 






7 


3 


17 


LBSR 


Relative 


9 


'3 


47 


ASRA 






2 


1 


77 


ASR 






7 


3 


18 


* 










48 


ASLA, LSLA 






2 


1 


78 


ASL, LSL 






7 


3 


19 


DAA 


Inherent 


2 


1 


49 


ROLA 






2 


1 


79 


ROL 






7 


3 


1A 


ORCC 


Immed 


3 


2 


4A 


DECA 






2 


1 


7A 


DEC 






7 


3 


1B 


♦ 










4B 


* 










7B 


* 










1C 


ANDCC 


Immed 


3 


2 


4C 


INCA 






2 


1 


7C 


INC 






7 


3 


1D 


SEX 


Inherent 


2 


1 


4D 


TSTA 






2 


1 


7D 


TST 






7 


3 


1E 


EXG 


Immed 


8 


2 


4E 


« 


\ 


' 






7E 


JMP 




1 


4 


3 


1F 


TFR 


Immed 


6 


2 


4F 


CLRA 


Inherent 


2 


1 


7F 


CLR 


Extended 


7 


3 


20 


BRA 


Relative 


3 


2 


50 


NEGB 


Inherent 


2 


1 


80 


SUBA 


Immed 


2 


2 


21 


BRN 


i 


k 


3 


2 


51 


* 


l 








81 


CMPA 


I 


i 


2 


2 


22 


BHI 






3 


2 


52 


* 










82 


SBCA 






2 


2 


23 


BLS 






3 


2 


53 


COMB 






2 


] 


83 


SUBD 






4 


3 


24 


BHS, BCC 






3 


2 


54 


LSRB 






2 




84 


ANDA 






2 


2 


25 


BLO, BCS 






3 


2 


55 


» 










85 


BITA 






2 


2 


26 


BNE 






3 


2 


56 


RORB 






2 




86 


LDA 






2 


2 


27 


BEQ 






3 


2 


57 


ASRB 






2 




87 


* 










28 


BVC 






3 


2 


58 


ASLB, LSLB 






2 




88 


EORA 






2 


2 


29 


BVS 






3 


2 


59 


ROLB 






2 




89 


ADCA 






2 


2 


2A 


BPL 






3 


2 


5A 


DECB 






2 




8A 


ORA 






2 


2 


2B 


BMI 






3 


2 


5B 












8B 


, ADDA 


\ 


f 


2 


2 


2C 


BGE 






3 


2 


5C 


INCB 






2 




8C 


CMPX 


Immed 


4 


3 


2D 


BLT 






3 


2 


5D 


TSTB 






2 




8D 


BSR 


Relative 


7 


2 


2E 


BGT 






3 


2 


5E 


# 




> 






8E 


LDX 


Immed 


3 


3 


2F 


BLE 


Rela 


tive 


3 


2 


5F 


CLRB 


Inhe 


rent 


2 


1 


8F 


* 











LEGEND 

-Number of MPU cycles (less possible push pull or indexed-mode cycles) 
I Number of program bytes 
* Denotes unused opcode 
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TABLE 9 - HEXADECIMAL VALUES OF MACHINE CODES (CONTINUED) 



no 
Ur 


Mnem 


Mode 




w 


OP 


Mnem 


Mode 


Z 


1 


90 


SUBA 


Dire 
t 


ct 
1 




z 


CO 


SUBB 


Immed 


2 


2 


01 
y i 


OrvirA 


4 


2 


CI 


CMPB 


i 


» 


2 


2 


92 


SBCA 






4 


2 


C2 


SBCB 






2 


2 


QQ 

yo 


SUBD 






6 


2 


C3 


ADDD 






4 


3 


94 


ANDA 






4 


2 


C4 


ANDB 






2 


2 


95 


BITA 






4 


2 


C5 


BITB 


Immed 


2 


2 


96 


LDA 






4 


2 


C6 


LDB 


Immed 


2 


2 


97 


STA 






4 


2 


C7 




1 








98 


EORA 






4 


2 


C8 


EORB 






2 


2 


99 


ADCA 






4 


2 


C9 


ADCB 






2 


2 


9A 


ORA 






4 


2 


CA 


ORB 






2 


2 


9B 


ADDA 






4 


2 


CB 


ADDB 






2 


2 


9C 


CMPX 






6 


2 


CC 


LDD 






3 


3 


9D 


JSR 






7 


2 


CD 


» 


< 








9E 


LDX 


\ 


f 


5 


2 


CE 


LDU 


Imrr 


ed 


3 


3 


9F 


STX 


Direct 


5 


2 


CF 


» 










AO 


SUBA 


Indexed 


4 + 


2+ 


DO 


SUBB 


Din 


5Ct 


4 


2 


A1 


CMPA 


( 




4 + 


2+ 


D1 


CMPB 


I 


k 


4 


2 


A2 


SBCA 






4 + 


2+ 


D2 


SBCB 






4 


2 


A3 


SUBD 






6 + 


2+ 


D3 


ADDD 






6 


2 


A4 


ANDA 






4 + 


2+ 


D4 


ANDB 






4 


2 


A5 


BITA 






4 + 


2+ 


D5 


BITB 






4 


2 


A6 


LDA 






4 + 


2+ 


D6 


LDB 








2 


A7 


STA 






4 + 


2+ 


D7 


STB 






4 


2 


A8 


EORA 






4 + 


2+ 


D8 


EORB 






4 


2 


A9 


ADCA 






4 + 


2+ 


D9 


ADCB 






4 


2 


AA 


ORA 






4 + 


2+ 


DA 


ORB 






4 


2 


AB 


ADDA 






4 + 


2+ 


DB 


ADDB 






4 


2 


AC 


CMPX 






6 + 


2+ 


DC 


LDD 






5 


2 


AD 


JSR 






7 + 


2+ 


DD 


STD 






5 


2 


AE 


LDX 


) 

Inde 


xed 


5 + 


2+ 


DE 


LDU 






5 


2 


AF 


STX 


5 + 


2+ 


DF 


STU 


Direct 


5 


2 














EO 


SUBB 


Indexed 


4 + 


2 + 


BO 


SUBA 


Extended 


5 


3 


E1 


CMPB 


1 




4 + 


2 + 


B1 


CMPA 


i 




5 


3 


E2 


SBCB 






4 + 


2 + 


B2 


SBCA 






5 


3 


E3 


ADDD 






6 + 


2 + 


B3 


SUBD 






7 


3 


E4 


ANDB 






4 + 


2 + 


B4 


ANDA 






5 


3 


E5 


BITB 






4 + 


2 + 


DC 
DO 










3 


E6 


LDB 






4 + 


2 + 


B6 


LDA 






5 


3 




STB 






4 + 


2 + 


B7 


STA 






5 


3 


E8 


EORB 






4 + 


2 + 


B8 


EORA 






5 


3 


E9 


ADCB 






4 + 


2 + 


B9 


ADCA 






5 


3 


EA 


ORB 






4 + 


2 + 


BA 


ORA 






5 


3 


EB 


ADDB 






4 + 


2 + 


BB 


ADDA 






5 


3 


EC 


LDD 






5 + 


2 + 


BC 


CMPX 






7 


3 


ED 


STD 






5 + 


2 + 


BD 


JSR 






8 


3 


EE 


LDU 




' 


5 + 


2 + 


BE 
BF 


LDX 
STX 


\ 


f 


6 


3 


EF 


STU 


Indexed 


5 + 


2 + 


txtenaea 


6 


3 


























FO 
PI 


SUBB 
CMPB 




5 


3 














1 


1 


5 


3 














F2 


SBCB 






5 


3 














F3 


ADDD 






7 


3 














F4 


ANDB 






5 


3 














F5 


BITB 






5 


3 














F6 


LDB 






5 


3 














F7 


STB 






5 


3 


NOTE. All unused opcodes are both undefined 


F8 


EORB 






5 


3 




and illegal 










F9 


ADCB 






5 


3 












FA 


ORB 




t 


5 


3 














FB 


ADDB 


Extended 


5 


3 














FC 


LDD 


Extended 


6 


3 














FD 


STD 






6 


3 














FE 


LDU 






6 


3 














FF 


STU 


Extended 


6 


3 



OP Mnem 



Mode I- 



Page 2 and 3 Machine 
Codes 



1021 

1022 

1023 

1024 

1025 

1026 

1027 

1028 

1029 

102 A 

102B 

102C 

102D 

102E 

102F 

103F 

1083 

108C 

108E 

1093 

109C 

109E 

109F 

10A3 

10AC 

10AE 

10AF 

10B3 

10BC 

10BE 

10BF 

10CE 

10DE 

10DF 

10EE 

10EF 

10FE 

10FF 

113F 

1183 

118C 

1193 

119C 

11 A3 

11AC 

11B3 

11BC 



LBRN 
LBHI 
LBLS 

LBHS, LBCC 

LBCS. LBLO 

LBNE 

LBEQ 

LBVC 

LBVS 

LBPL 

LBMI 

LBGE 

LBLT 

LBGT 

LBLE 

SWI2 

CMPD 

CMPY 

LDY 

CMPD 

CMPY 

LDY 

STY 

CMPD 

CMPY 

LDY 

STY 

CMPD 

CMPY 

LDY 

STY 

LDS 

LDS 

STS 

LDS 

STS 

LDS 

STS 

SWI3 

CMPU 

CMPS 

CMPU 

CMPS 

CMPU 

CMPS 

CMPU 

CMPS 



Relative 
A 



t 

Relative 
Inherent 
Immed 
I 

Immed 
Direct 



Direct 
Indexed 



Indexed 
Extended 



Extended 
Immed 
Direct 
Direct 
Indexed 
Indexed 
Extended 
Extended 
Inherent 
Immed 
Immed 
Direct 
Direct 
Indexed 
Indexed 
Extended 
Extended 



5 

5(6) 

5(6) 

5(6) 

5(6) 

5(6) 

5(6) 

5(6) 

5(6) 

5(6) 

5(6) 

5(6) 

5(6) 

5I6) 

5(6) 

20 

5 

5 

4 

7 

7 

6 

6 

7 + 
7 + 
6 + 
6 + 
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FIGURE 19 - PROGRAMMING AID 



Addressing Modes 



Op 



Direct 



Op 



Indexed 



Op 



Op - 



Op - 



Description 



ABX 
ADC 



3A 



B+X-X (Unsigned) 



ADCA 
ADCB 



A+M+C-A 
B+M+C-B 



ADDA 
ADDB 
ADDD 



A+M-A 
B + M-B 
D+M M + 1-D 



ANDA 
ANDB 
ANDCC 



A A M — A 
B A M-B 
CC A IMM-CC 



ASLA 
ASLB 
ASL 



K-o 



bo 



ASR 



ASRA 
ASRB 
ASR 



R 



BIT 
CLR 



BITA 
BITB 



Bit Test A (M A A) 
Bit Test B (M A Bl 



CLRA 
CLRB 
CLR 



0-A 
0-B 
0-M 



CMP 



CMPA 
CMPB 
CMPD 

CMPS 

CMPU 

CMPX 
CMPY 



Compare M from A 
Compare M from B 
Compare M M + 1 from D 

Compare M M + 1 from S 

Compare M M + 1 from U 

Compare M M + 1 from X 
Compare M M + 1 from Y 



COMA 
COMB 
COM 



A- A 
B_-B 
M-M 



22C 



CC A IMM-CC Wait for Interrupt 
Decimal Ad|ust A 



DECA 
DECB 
DEC 



A-1-A 
B- 1-B 
M-1-M 



EORA 
EORB 



A-V-M-A 
B-V-M-B 

R1-R2 2 



EXG 
INC 



INCA 
INCB 
INC 



A+ 1-A 
B + 1-B 
M+ 1-M 



JMP 
JSR 
LD 



EA 3 -PC 



Jump to Subroutine 



LDA 
LDB 
LDD 
LDS 

LDU 
LDX 
LOY 



M-A 
M-B 

M M + 1-D 
M M + 1-S 

M M+ 1-U 
M M + 1-X 
M M+ 1-Y 



LEAS 
LEAL) 
LEAX 
LEAY 



EA 3 -S 
EA 3 -U 
EA 3 -X 
EA 3 — Y 



LEGEND 


u 


Complement of M 


I 


Test and set if true, cleared otherwise 


OP Operation Code (Hexadecimal) 




Transfer Into 


• 


Not Affected 


- Number of MPU Cycles 


H 


Half-carry (from bit 3) 


CC 


Condition Code Register 


# Number of Program Bytes 


N 


Negative (sign bit) 




Concatenation 


+ Arithmetic Plus 


Z 


Zero result 


V 


Logical or 


Arithmetic Minus 


V 


Overflow, 2's complement 


A 


Logical and 


• Multiply 


c 


Carry from ALU 


V 


Logical Exclusive or 



MOTOROLA MICROPROCESSOR DATA 
3-1393 



MC6809 



FIGURE 19 - PROGRAMMING AID (CONTINUED) 



Instruction 



Addressing Modes 



Immediate 
Op I - II 



~0"p~ 



Direct Indexed 1 



I Op - # 



Op 



Op 



Description 



LSI 



LSLA 
LSLB 
LSL 



]>Q 



LSRA 
LSRB 
LSR 



b 7 



bO 



A x B— D (Unsigned) 



NOP 



NEGA 
NEGB 
NEG 



A+ 1-A 
B + 1-B 
M + 1-M 



No Operation 



OR 



ORA 
ORB 
ORCC 



A V M-A 
BVM-B 
CC V IMM-CC 



PSH 



PSHS 
PSHU 



Push Registers on S Stack 
Push Registers on U Stack 



PUL 
ROL 



PULS 
PULU 



5 + 4 



Pull Registers Irom S Stack 
Pull Registers from U Stack 



ROLA 
ROLB 
ROL 



t= L>£ 



ROR 



RORA 
RORB 
ROR 



jM> rrrTTTm ^ 



Return From Interrupt 



RTS 
"SBC" 



Return from Subroutine 



SBCA 
SBCB 



-M-C-A 
-M-C-B 



SEX 

"sT~ 



Sign Extend B into A 



STA 
STB 
STD 
STS 

STU 
STX 
STY 



A-M 
B-M 

D-M M * 1 

S — M M <- 1 

U-M M + 1 

X — M M * 1 

Y-M M + 1 



SUBA 
SUBB 
SUBD 



A - M — A 
B- M-B 
D-MM + l-D 



SWI 



SWI 6 

SWI2 6 

SWI3 6 



Software Interrupt 1 
Software Interrupt 2 



Software Interrupt 3 



Synchronize to Interrupt 
R1-R2 2 



TFR 



R1, R2 



TSTA 
TSTB 
TST 



OD 



6D 



6 + 



2 + 



7D 



Test A 
Test B 
Test M 



NOTES: 

1 This column gives a base cycle and byte count To obtain total count, add the values obtained from the INDEXED ADDRESSING MODE table, 
Table 2. 

2 R1 and R2 may be any pair of 8 bit or any pair of 16 bit registers 

The 8 bit registers are' A, B, CC, DP 
The 16 bit registers are- X, Y, U, S, D, PC 

3 EA is the effective address 

4 The PSH and PUL instructions require 5 cycles plus 1 cycle for each byte pushed or pulled 

5 5(6) means' 5 cycles if branch not taken, 6 cycles if taken (Branch instructions) 
6. SWI sets I and F bits. SWI2 and SWI3 do not affect I and F. 

7 Conditions Codes set as a direct result of the instruction. 

8. Vaue of half-carry flag is undefined. 

9. Special Case - Carry set if b7 is SET 
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FIGURE 19 - PROGRAMMING AID (CONTINUED) 
Branch Instructions 







Addressing 




















Addressing 




















Mode 






















Mode 


















F 


elative 




5 


3 


2 


1 


0 








R 


elative 




5 


3 


2 


1 


0 


Instruction 


Forms 


OP 


- 5 


1 


Description 


H 


N 


Z 


V 


c 




Instruction 


Forms 


OP 


-5 


t 


Description 


H 


N 


Z 


V 


C 


BCC 


BCC 


24 


3 


2 


Branch C = 0 














BLS 


BLS 


23 


3 


2 


Branch Lower 














LBCC 


10 


5(6) 


4 


Long Branch 
























or Same 
















24 






C = 0 
















LBLS 


10 


5(6) 


4 


Long Branch Lower 












BCS 


BCS 


25 


3 


2 


Branch C = 1 


















23 






or Same 














LBCS 


10 


5(61 


4 


Long Branch 














BLT 


BLT 


2D 


3 


2 


Branch < Zero 
















25 






C= 1 
















LBLT 


10 


5i6) 


4 


Long Branch<Zero 












BEQ 


BEQ 


27 


3 


2 


Branch Z = 1 


















2D 




















LBEQ 


10 


5(61 


4 


Long Branch 














BMI 


BMI 


2B 


3 


2 


Branch Minus 
















27 






Z = 0 
















LBMI 


10 


5(6) 


4 


Long Branch Minus 












BGE 


BGE 


2C 


3 


2 


Branch a Zero 


















2B 


















LBGE 


10 


5(61 


4 


Long Branch a Zero 














BNE 


BNE 


26 


3 


2 


Branch Z = 0 
















2C 






















LBNE 


10 


5(6) 


4 


Long Branch 












BGT 


BGT 


2E 


3 


2 


Branch > Zero 


















26 






Z*0 














LBGT 


10 


5(61 


4 


Long Branch > Zero 














BPL 


BPL 


2A 


3 


2 


Branch Plus 
















2E 






















LBPL 


10 


516) 


4 


Long Branch Plus 












BHI 


BHI 


22 


3 


2 


Branch Higher 


















2A 


















LBHI 


10 


5(6) 


4 


Long Branch Higher 














BRA 


BRA 


20 


3 


2 


Branch Always 
















22 






















LBRA 


16 


5 


3 


Long Branch Always 












BHS 


BHS 


24 


3 


2 


Branch Higher 














BRN 


BRN 


21 


3 


2 


Branch Never 






















or Same 
















LBRN 


10 


5 


4 
















LBHS 


10 


5(6) 


4 


Long Branch Higher 


















21 






















24 






or Same 














BSR 


BSR 


8D 


7 


2 


Branch to Subroutine 












BLE 


BLE 


2F 


3 


2 


Branch £ Zero 
















LBSR 


17 


9 


3 


Long Branch to 














LBLE 


10 


5(6) 


4 


Long Branch s Zero 
























Subroutine 
















2F 




















BVC 


BVC 


23 


3 


2 


Branch V = 0 












BLO 


BLO 


25 


3 


2 


Branch lower 
















LBVC 


10 


516) 


4 


Long Branch 














LBLO 


10 


5(6) 


4 


Long Branch Lower 


















28 






V = 0 
















25 




















BVS 


BVS 


29 


3 


2 


Branch V= 1 






































LBVS 


10 


5(6) 


4 


Long Branch 








































29 






V= 1 













SIMPLE BRANCHES 





OP 




f 


SIMPLE CONDITIONAL BRANCHES (Notes 1-4) 


BRA 


20 


3 


2 


Test 


True 


OP 


False OP 


LBRA 


16 


5 


3 


N = 1 


BMI 


2B 


BPL 2A 


BRN 


21 


3 


2 


Z=1 


BEQ 


27 


BNE 26 


LBRN 


1021 


5 


4 


V=1 


BVS 


29 


BVC 28 


BSR 


8D 


7 


2 


C = 1 


BCS 


25 


BCC 24 


LBSR 


17 


9 


3 











SIGNED CONDITIONAL BRANCHES (Notes 1-4) 



Test 


True 


OP 


False 


OP 


r> m 


BGT 


2E 


BLE 


2F 


ram 


BGE 


2C 


BLT 


2D 


r= m 


BEQ 


27 


BNE 


26 


r£ m 


BLE 


2F 


BGT 


2E 


r<m 


BLT 


2D 


BGE 


2C 



UNSIGNED CONDITIONAL BRANCHES (Notes 1-4) 



Test 


True 


OP 


False 


OP 


r>m 


BHI 


22 


BLS 


23 


ram 


BHS 


24 


BLO 


25 


r=m 


BEQ 


27 


BNE 


26 


rsm 


BLS 


23 


BHI 


22 


r<m 


BLO 


25 


BHS 


24 



NOTES 

1 All conditional branches have both short and long variations 

2 All short branches are two bytes and require three cycles 

3 All conditional long branches are formed by prefixing the short branch opcode with $10 and using a 16-bit destination offset. 

4 All conditional long branches require four bytes and six cycles if the branch is taken or five cycles if the branch is not taken. 
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ORDERING INFORMATION 



Package Type 


Frequency 


Temperature Range 


Order Number 


Plastic 


1.0 MHz 


0°C to 70°C 


MC6809P 


P Suffix 


1.0 MHz 


-40X to 85°C 


MC6809CP 




1.5 MHz 


0°C to 70°C 


MC68A09P 




1.5 MHz 


-40°C to 85°C 


MC68A09CP 




2.0 MHz 


0°C to 70°C 


MC68B09P 




2 0 MHz 


-40°C to 85°C 


MC68B09CP 


Cerdip 


1.0 MHz 


0 'C to 70=C 


MC6809S 


S Suffix 


1.0 MHz 


-40°C to 85°C 


MC6809CS 




1 5 MHz 


0°C to 70°C 


MC68A09S 




1.5 MHz 


- 40*C to 85°C 


MC68A09CS 




2.0 MHz 


0°C to 70°C 


MC68B09S 




2.0 MHz 


-40T to 85X 


MC68B09CS 



PIN ASSIGNMENT 



v S s[ 1 

NMi[ 2 
lRQ[ 3 

mni 4 

BS[5 
BA[ 6 
Vcct7 
A0[ 8 
A1[9 
A2[ 10 
A3 [ 11 

m\ 



40 ]HALT 
39 ] XTAL 
38 ]EXTAL 
37 ]RTSTT 
36 ] MRDY 
]Q 
]E 



35 
34 

33 pDMA/BREQ 
32 ]R/W 
31 ]D0 
30 ]D1 

I 



MOTOROLA 

SEMICONDUCTOR ^hhmhhh 

TECHNICAL DATA 

MC6809E 

8-Bit Microprocessing Unit 

The MC6809E is a high-performance 8-bit microprocessor which supports modern programming 
techiques such as position independence, re-entrancy, and modular programming. 

This third-generation addition to the M6800 Family has major architectural improvements which 
include additional registers, instructions, and addressing modes. 

The basic instructions of any computer are greatly enhanced by the presence of powerful ad- 
dressing modes. The MC6809E has the most complete set of addressing modes available on any 8- 
bit microprocessor. 

The MC6809E has hardware and software features which make it an ideal processor for higher 
level language execution or standard controller applications. External clock inputs are provided to 
allow synchronization with peripherals, systems, or other MPUs. 
MC6800 COMPATIBLE 

• Hardware — Interfaces with All M6800 Peripherals 

• Software — Upward Source Code Compatible Instruction Set and Addressing Modes 
ARCHITECTURAL FEATURES 

• Two 16-Bit Index Registers 

• Two 16-Bit Indexable Stack Pointers 

• Two 8-Bit Accumulators can be Concatenated to Form One 16-Bit Accumulator 

• Direct Page Register Allows Direct Addressing Throughout Memory 
HARDWARE FEATURES 

• External Clock Inputs, E and Q, Allow Synchronization 

• TSC Input Controls Internal Bus Buffers 

• LIC Indicates Opcode Fetch 

• AVMA Allows Efficient Use of Common Resources in a Multiprocessor System 

• BUSY is a Status Line for Multiprocessing 

• Fast Interrupt Request Input Stacks Only Condition Code Register and Program Counter 

• Interrupt Acknowledge Output Allows Vectoring By Devices 

• Sync Acknowledge Output Allows for Synchronization to External Event 

• Single Bus-Cycle RESET 

• Single 5-Volt Supply Operation 

• NMI Inhibited After RESET Until After First Load of Stack Pointer 

• Early Address Valid Allows Use With Slower Memories 

• Early Write Data for Dynamic Memories 
SOFTWARE FEATURES 

• 10 Addressing Modes 

— M6800 Upward Compatible Addressing Modes — Expanded Indexed Addressing 

— Direct Addressing Anywhere in Memory Map 5-, 8-, or 16-Bit Constant Offsets 

— Long Relative Branches 

— Program Counter Relative 

— True Indirect Addressing 

• Improved Stack Manipulation 

• 1464 Instruction with Unique Addressing Modes 

• 8x8 Unsigned Multiply 

• 16-Bit Arithmetic 

• Transfer/Exchange All Registers 

• Push/Pull Any Registers or Any Set of Registers 

• Load Effective Address 




8- or 16-Bit Accumulator Offsets 
Auto-Increment/Decrement by 1 or 2 



This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


V CC 


— 0 3 to +70 


V 


Input Voltage 


V,n 


-0 3 to +7 0 


V 


Operating Temperature Range 
MC6809E, MC68A09E, MC68B09E 
MC6809EC, MC68A09EC, MC68B09EC 


T A 


T L to T H 
0 to +70 
-40 to +85 


°C 


Storage Temperature Range 


T stg 


-55 to + 150 


°c 



This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high im- 
pedance circuit 

Reliability of operation is enhanced if unus- 
ed inputs are tied to an appropriate logic 
voltage level (e g , either Vss or Vcc). 



THERMAL CHARACTERISTICS 



Characteristic 


Symbol 


Value 


Unit 


Thermal Resistance 


«JA 




c w 


Cerdip 


60 




Plastic 




100 





POWER CONSIDERATIONS 

The average chip-junction temperature, Tj, in °C can be obtained from: 

Tj=Ta+(Pd- h ja> 



(1) 



where: 
T A 
6JA 
PD 
p INT 
p PORT 



= Ambient Temperature, °C 

= Package Thermal Resistance, Junction-to-Ambient, J CW 
= P|NT + p PORT 

= lcc xV CC' Watts — Chip Internal Power 

= Port Power Dissipation, Watts — User Determined 



For most applications PpoR^PiNT 3 "^ can De neglected. PpoRT may become significant if the device is configured 
to drive Darlington bases or sink LED loads. 
An approximate relationship between Pq and Tj (if PpoRT ls neglected) is: 

P D = K-(Tj + 273°C) (2) 

Solving equations (1) and (2) for K gives: 

K = P D '(T A + 273°C) + HJA'PD 2 (3) 
where K is a constant pertaining to the particular part. K can be determined from equation (3) by measuring Pq (at 
equilibrium) for a known T A . Using this value of K, the values of Pq and T j can be obtained by solving equations 
(1 ) and (2) iteratively for any value of T A 

DC ELECTRICAL CHARACTERISTICS (V C c = 50 V ±5%, V ss = 0 Vdc, T A = T L to T H unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Input High Voltage L °R J KeT 

E 


V|H 
V|HR 
V IHC 


Vss + 20 
VSS + 40 
Vcc-0 75 




vcc 
vcc 

Vcc + 03 


V 


Input Low Voltage Logic, RESET 

E 
Q 


V|L 
VlLC 
V|LQ 


VSS-03 
Vss-0 3 
Vss-03 




Vss+08 
Vss+04 
Vss+06 


V 
V 
V 


Input Leakage Current Logic, Q, RESET 
(V in = 0 to 5.25 V, V C c = max) E 


l.n 






2 5 
100 


MA 


dc Output High Voltage 
(l Load = -205^A, V C c = mm) D0-D7 
•'Load = -145 mA, V C c = mini A0-A15, R/W 
ll L oad = -100 /.A, V C c = mm) BA, BS, LIC, AVMA, BUSY 


V 0 H 


VSS + 24 
VSS + 24 
Vss + 24 






V 


dc Output Low Voltage 
"Load " 2 0 mA, Vcc = mm) 


vol 






Vss + 05 


V 


Internal Power Dissipation (Measured at Ta = 0°C in Steady State Operation) 


pint 






1 0 


w 


Capacitance 

(V ln = 0, Ta = 25°C, f = 1 0 MHzl D0-D7, Logic Inputs, Q, RESET 

A0-A15, R/W, BA, BS, 
LIC, AVMA, BUSY 


c, n 




10 

30 


15 
50 


pF 


C 0 ut 




10 


15 


PF 


Frequency of Operation MC6809E 
(E and Q Inputs) MC68A09E 

MC68B09E 


f 


0 1 
0 1 
0 1 




1 0 
1 5 
20 


MHz 


Hi-Z (Off State) Input Current D0-D7 
(V ln = 0.4 to 2.4 V, Vcc = max) A0-A15, R/W 


■tsi 




2.0 


10 
100 


pA 



'Capacitances are periodically tested rather than 100% tested. 
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BUS TIMING CHARACTERISTICS (See Notes 1. 2, 3, and 4) 



Ident. 
Number 


Characteristics 


Symbol 


MC6809E 


MC68A09E 


MC68B09E 


Unit 




Max 




Max 




Max 




— 

Cycle Time 


•eye 


1 0 


10 


0 667 


10 


0 5 


10 


/IS 


2 


Pulse \A/i d th , E Low 


P\A7i-, 

rwr£|_ 


450 


9500 


295 


9500 


210 


9500 




Q 


ruisc vvium, c nign 


rvv EH 


450 


9500 


280 


9500 


220 


9500 




4 


Clock Rise and Fall Time 


t r , tf 




25 




25 




20 




5 


ruise wtatn, u nign 


PWqh 


450 


9500 


280 


9500 


220 


9500 




7 


Delay Time, E to Q Rise 


'EQ1 


200 




130 




100 




ns 


7A 


Delay Time, Q High to E Rise 


'EQ2 


200 




130 




100 






7B 


Delay Time, E High to Q Fall 


'EQ3 


200 


- 


130 


- 


100 


- 




7C 


Delay Time, Q High to E Fall 


'EQ4 


200 




130 




100 




ns 


9 


Address Hold Time 


'AH 


20 


— 


20 




20 




ns 


11 


Address Delay Time from E Low (BA, BS. R/W) 


'AD 


— 


200 








110 


ns 


17 


Read Data Setup Time 


'DSR 


80 




60 




40 




ns 


18 


Read Data Hold Time 


'DHR 


10 


- 


10 


- 


10 


- 


ns 


20 


Data Delay Time from Q 


<DDQ 




200 




140 




110 


ns 


21 


Write Data Hold Time 


'DHW 


30 




30 




30 




ns 


29 


Usable Access Time 


'ACC 


695 




440 




330 




ns 


30 


Control Delay Time 


'CD 




300 




250 




200 


ns 




Interrupts, HALT, RESET, and TSC Setup Time 
(Figures 6, 7, 8, 9, 12, and 13) 


'PCS 


200 




140 




110 




ns 




TSC Drive to Valid Logic Level (Figure 13) 


'TSV 




210 




150 




120 


ns 




TSC Release MOS Buffers to High Impedance (Figure 13) 


'TSR 




200 




140 




110 


ns 




TSC Hi-Z Delay Time (Figure 13) 


'TSD 




120 




85 




80 


ns 




Processor Control Rise and Fall Time (Figure 7) 


'PCr. 
'PCf 




100 




100 




100 


ns 



FIGURE 1 - READ/WRITE DATA TO MEMORY OR PERIPHERALS TIMING DIAGRAM 




NOTES. 

1 Voltage levels shown are V[_£0 4 V, Vh^2 4 V, unless otherwise specified 

2 Measurement points shown are 0 8 V and 2 0 V, unless otherwise specified 

3 Hold time I (§) ) for BA and BS is not specified 

4 Usable access time is computed by 1-4-11 max- 17 



mm 



Not Valid 
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FIGURE 2 - EXPANDED BLOCK DIAGRAM 
O 

D0-D7 



PC 



DP 



cc 



ALU 



Internal Three-State Control 



•v C c 
■v SS 



Instruction 
Register 



■ RESET 

■ NMI 



Interrupt 
Control 

— Tr= 



FIRQ 

— IRQ 
->LIC 
->*AVMA 

R/W 

— TSC 



Bus 
Control 



< HALT 

>-BA 



->-BS 
-H*- BUSY 



Timing 



PROGRAMMING MODEL 



FIGURE 3 - BUS TIMING TEST LOAD 

50 V 

MMD6150^ R L = 2 2 kfl 
or Equiv 




C = 30 pF for BA, BS, LIC, AVMA, BUSY 
130 pF for D0-D7 _ 
90 pF for A0-A15, R/W 

R = 11.7 kO for D0-D7 

16 5 kQ for A0-A15, R/W 

24 kll for BA, BS, LIC, AVMA, BUSY 



As shown in Figure 4, the MC6809E adds three registers to 
the set available in the MC6800 The added registers include 
a direct page register, the user stack pointer, and a second 
index register 

ACCUMULATORS (A, B, D) 

The A and B registers are general purpose accumulators 
which are used for arithmetic calculations and manipulation 
of data. 

Certain instructions concatenate the A and B registers to 
form a single 16-bit accumulator. This is referred to as the D 
register, and is formed with the A register as the most signifi- 
cant byte 

DIRECT PAGE REGISTER (DP) 

The direct page register of the MC6809E serves to enhance 
the direct addressing mode. The content of this register 
appears at the higher address outputs (A8-A15) during direct 
addressing instruction execution This allows the direct 
mode to be used at any place in memory, under program 
control To ensure M6800 compatibility, all bits of this 
register are cleared during processor reset 
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FIGURE 4 - PROGRAMMING MODEL OF THE MICROPROCESSING UNIT 

0 



X — Index Register 



Y - Index Register 



U - User Stack Pointer 



S — Hardware Stack Pointer 



PC 



INDEX REGISTERS (X, Y) 

The index registers are used in indexed mode of address- 
ing The 16-bit address in this register takes part in the cal- 
culation of effective addresses. This address may be used to 
point to data directly or may be modified by an optional con- 
stant or register offset During some indexed modes, the 
contents of the index register are incremented and decre- 
mented to point to the next item of tabular type data All four 
pointer registers (X, Y, U, S) may be used as index registers 

STACK POINTER (U, S) 

The hardware stack pointer (S) is used automatically by the 
processor during subroutine calls and interrupts. The user stack 
pointer (U) is controlled exclusively by the programmer. This 
allows arguments to be passed to and from subroutines with 
ease The U register is frequently used as a stack marker. Both 
stack pointers have the same indexed mode addressing ca- 
pabilities as the X and Y registers, but also support push and 
pull instructions. This allows the MC6809E to be used effi- 
ciently as a stack processor, greatly enhancing its ability to 
support higher level languages and modular programming. 



NOTE 

The stack pointers of the MC6809E point to the top of 
the stack in contrast to the MC6800 stack pointer, 
which pointed to the next free location on stack 

PROGRAM COUNTER 

The program counter is used by the processor to point to 
the address of the next instruction to be executed by the pro- 
cessor Relative addressing is provided allowing the program 
counter to be used like an index register in some situations. 

CONDITION CODE REGISTER 

The condition code register defines the state of the pro- 
cessor at any given time. See Figure 4 



DP 


7 










0 


E 


f|h|. 


N 


Z 


V 


c 



> Pointer Registers 



Program Counter 
Accumulators 



Direct Page Register 



CC - Condition Code Register 



FIGURE 5 - CONDITION CODE REGISTER FORMAT 

CC Bit 7 6 5 4 3 2 1 0 



F I H I N Z V 




• Carry 

• Overflow 

• Zero 

■ Negative 

• IRQ Mask 

■ Half C arry 

• FiRQ 

• Entire Flag 



CONDITION CODE REGISTER 
DESCRIPTION 

CARRY FLAG (C) 

Bit 0 is the carry flag and is usually the carry from the 
binary ALU. C is also used to represent a "borrow" from 
subtract like instructions (CMP, NEG, SUB, SBC) and is the 
complement of the carry from the binary ALU. 

OVERFLOW FLAG (V) 

Bit 1 is the overflow flag and is set to a one by an operation 
which causes a signed twos complement arithmetic over- 
flow. This overflow is detected in an operation in which the 
carry from the MSB in the ALU does not match the carry 
from the MSB- 1. 

ZERO FLAG (Z) 

Bit 2 is the zero flag and is set to a one if the result of the 
previous operation was identically zero 
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NEGATIVE FLAG (N) 

Bit 3 is the negative flag, which contains exactly the value 
of the MSB of the result of the preceding operation Thus, a 
negative twos complement result will leave N set to a one 

IRQ MASK (I) 

Bit 4 is the IRQ m ask bit. The processor will not recognize 
interr u pts f r om the IRQ line if this bit is set to a one NMI, 
FIRQ, IRQ, RESET, and SWI all set I to a one SWI2 and 
SWI3 do not affect I. 

HALF CARRY (H) 

Bit 5 is the half-carry bit, and is used to indicate a carry 
from bit 3 in the ALU as a result of an 8-bit addition only 
(ADC or ADD) This bit is used by the DAA instruction to 
perform a BCD decimal add adjust operation The state of 
this flag is undefined in all subtract-like instructions 

FIRQ MASK (F) 

Bit 6 is the FIRQ mask bit T he processor will not 
recognize i nterrupts fr om the FIRQ line if this bit is a one 
NMI, FIRQ, SWI, and RESET all set F to a one TR"Q~, SWI2, 
and SWI3 do not affect F. 

ENTIRE FLAG (E) 

Bit 7 is the entire flag, and when set to a one indicates that 
the complete machine state (all the registers) was stacked, 
as opposed to the subset state (PC and CO. The E bit of the 
stacked CC is used on a return from interrupt (RTI) to deter- 
mine the extent of the unstacking. Therefore, the current E 
left in the condition code register represents past action 



reset vectors are fetched from locations FFFEis and FFFF16 
(Table 1) when interrupt acknowledge is true, (BA«BS = 1). Dur- 
ing initial power on, the reset line should be held low until the 
clock input signals are fully operational. 

Because the RESET pin has a Schmitt-trigger input with a 
threshold voltage higher than that of standard peripherals, a 
simple R/C network may be used to reset the entire system. 
This higher threshold voltage ensures that all peripherals are 
out of the reset state before the processor. 

HALT 

A low level on this input pin will cause the MPU to stop 
running at the end of the present instruction and remain 
halted indefinitely without loss of data When halted, the BA 
output is driven high indicating the buses are high im- 
pedance. BS is also high which indicates the processor is in 
the halt state While halted, the M P U w ill not respo nd to ex- 
ternal real-time requests (FIRQ, IRQ) although NMI or 
RESET will be latched for later response During the halt 
state, Q and E should continue to run normally A h alted 
state (BA»BS = 1) can be achieved by pulling HALT low 
while RESET is still low See Figure 7 

BUS AVAILABLE, BUS STATUS (BA, BS) 

The bus available output is an indication of an internal 
control signal which makes the MOS buses of the MPU high 
impedance. When BA goes low, a dead cycle will elapse 
before the MPU acquires the bus BA will not be asserted 
when TSC is active, thus allowing dead cycle consistency. 

The bus status output signal, when decoded with BA, 
represents the MPU state (valid with leading edge of Q) 



PIN DESCRIPTIONS 

POWER (V S s. V C C> 

Two pins are used to supply power to the part V$S is 
ground or 0 volts, while Vcc is +5.0 V ±5%. 

ADDRESS BUS (A0-A15) 

Sixteen pins are used to output address information from 
the MPU onto the address bus. When the processor does 
not require the bus for a data transfer, it will output address 
FFFF16. R/W= 1, and BS = 0, this is a "dummy access" or 
VMA cycle. All address bus drivers are made high- 
impedance when output bus available (BA) is high or when 
TSC is asserted Each pin will drive one Schottky TTL load or 
four LSTTL loads and 90 pF. 

DATA BUS (D0-D7) 

These eight pins provide communication with the system 
bidirectional data bus Each pin will drive one Schottky TTL 
load or four LSTTL loads and 130 pF 

READ/WRITE (R/W) 

This signal indicates the direction of data transfer on the 
data bus. A lowjndicates that the MPU is writing data onto 
the data bus. R/W is made high impedance when BA is high 
or when TSC is asserted. 

RESET 

A low level on this Schmitt-trigger input for greater than 
one bus cycle will reset the MPU, as shown in Figure 6. The 



MPU State 


MPU State Definition 


BA 


BS 


0 


0 


Normal (Running) 


0 


1 


Interrupt or Reset Acknowledge 


1 


0 


Sync Acknowledge 


1 


1 


Halt Acknowledge 



Interrupt Acknowledge is indic at ed d uri ng bo th cycles of a 
hardware vector fetch (RESET, NMI, FIRQ, IRQ, SWI, 
SWI2, SWI3) This signal, plus decoding of the lower four 
address lines, can provide the user with an indication of 
which interrupt level is being serviced and allow vectoring by 
device See Table 1. 



TABLE 1 - MEMORY MAP FOR INTERRUPT VECTORS 



Memory Map For 
Vector Locations 


Interrupt Vector 
Description 


MS 


LS 


FFFE 


FFFF 


RESET 


FFFC 


FFFD 


"NMI 


FFFA 


FFFB 


SWI 


FFF8 


FFF9 


IRQ 


FFF6 


FFF7 


FIRQ 


FFF4 


FFF5 


SWI2 


FFF2 


FFF3 


SWI3 


FFFO 


FFF1 


Reserved 
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FIGURE 6 - RESET TIMING 



m |m+1|m + 2|m + 3|m + 4|m + 5|m + 6|m + 7| | n | n+1 | n + 2 | n + 3 | n + 4 | n + 5 | n + 6 | n + 7 | n + 8 | n + 9 |n+10 




Address H X X X X X X 

$FFFE $FFFE $FFFE $FFFE $FFFE $FFFF $FFFF New PCNew PC+1 

pata\ WX X )CZJCZJ{ X T~T X $CZJt X x zzx 

M«..i Of. . ki nz-v T7TTX * - . /-» Y 



J X X^ZDD( X X X X ) O CZD(ZPCZPaC 



New PCh New PC|_ WA 1st Opcode 



$FFFE $FFFE SFFFE SFFFE SFFFE $FFFF $FFFF New PC 

x x x x y — t 



BAllL 



"xz^ -X X! x x _y~ 



New PCh New PC L VMA 



AVMA \\\\ 
BUSY W\\ 



J \ £Z^ X X X xzzx 



\ r 



j — \ a% x hzxzzl 



o 

o» 

CO 

o 
to 
m 



NOTE: Timing measurements are referenced to and from a low voltage of 0 8 volts and a high voltage of 2 0 volts, unless otherwise noted 



CO 



CO 



FIGURE 7 - HALT AND SINGLE INSTRUCTION EXECUTION TIMING FOR SYSTEM DEBUG 



2nd to Last Last Cycle 
Cycle of of 
Current Current Dead 
Inst I Inst S (; vcle 



I Cycle I 

T T 



Halted 


Cycle 
< > 


Fetch 
< > 


Execute 
«* *■ 


Cycle 


Halted 
< 


, > 








< *• 






HALT 



Address 
Bus 



BA 
BS 



J x xzzy- 



-V 



\ 



Fetch Execute 



TZD- 



o 
o> 

CO 

o 

CO 

m 



Data" 
Bus . 



AVMA 



LIC 



D(zzy v 



-CZDCZ3 

Instruction 
Opcode 



a r 



NOTE Tim.ng measurements are referenced to and from a low voltage of 0 8 volts and a high voltage of 2 0 volts, unless otherwise noted 
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Sync Acknowledge is indicated while the MPU is waiting 
for external synchronization on an interrupt line 

Halt Acknowledge is indicated when the MC6809E is in a 
halt condition 

NON MASKABLE INTERRUPT (NMlj* 

A negative transition on this input requests that a non- 
maskable interrupt sequence be generated. A non-maskable 
interrupt cannot be inhibi t ed by the program and also has a 
higher priority than F IRQ, IRQ, or software interrupts Dur- 
ing recognition of an NMI, the entire mach ine state is saved 
on the hardware stack After reset, an NMI will not be recog- 
nized until the first program load of the hardware stack 
pointer (S). T he pu lse width of NMI low must be at least one 
E cycle If the NMI input does not meet the minimum set up 
with respect to Q, the interrupt will not be recognized until 
the next cycle See Figure 8 

FAST-INTERRUPT REQUEST (FIRQ)* 

A low level on this input pin will initiate a fast interrupt se- 
quence, provided its mask bit (F) in the CC is clear This se- 
quence has priority over the standard interrupt request (IRQ) 
and is fast in the sense that it stacks only the contents of the 
condition code register and the program counter The inter- 
rupt service routine snould clear the source of the interrupt 
before doing an RTI See Figure 9 

INTERRUPT REQUEST (IRQ)* 

A low level input on this pin will initiate an interrupt re- 
quest sequence provided the mask bit (I) in the CC is clear 
Since FRQ stacks the entire machi ne sta t e, it provides a 
slower response t o inte rrupts than FIRQ. IRQ also has a 
lower priority than FIRQ Again, the interrupt service routine 
should clear the source of the interrupt before doing an RTI 
See Figure 8 

CLOCK INPUTS E, Q 

E and Q are the clock signals required by the MC6809E Q 
must lead E, that is, a transition on Q must be followed by a 
similar transition on E after a minimum delay Addresses will 
be valid from the MPU, tAD after the falling edge of E, and 
data will be latched from the bus by the falling edge of E. 
While the Q input is fully TTL compatible, the E input directly 
drives internal MOS circuitry and, thus, requires a high level 
above normal TTL levels This approach minimizes clock 
skew inherent with an internal buffer Refer to BUS TIMING 
CHARACTERISTICS for E and Q and to Figure 10 which 
shows a simple clock generator for the MC6809E 

BUSY 

BUSY will be high for the read and modify cycles of a 
read-modify-write instruction and during the access of the 
first byte of a double-byte operation (e g , LDX, STD, 
ADDD) BUSY is also high during the first byte of any in- 
direct or other vector fetch (e g., jump extended, SWI in- 
direct, etc ) 

In a multiprocessor system, BUSY indicates the need to 



defer the rearbitration of the next bus cycle to insure the in- 
tegrity of the above operations. This difference provides the 
indivisible memory access required for a "test-and-set" 
primitive, using any one of several read-modify-write instruc- 
tions. 

BUSY does not become active during PSH or PUL opera- 
tions A typical read-modify-write instruction ( ASL) is shown 
in Figure 11 Timing information is given in Figure 12 BUSY 
is valid tcD after the risin 9 ed 9 e of Q - 

AVMA 

AVMA is the advanced VMA signal and indicates that the 
MPU will use the bus in the following bus cycle The predic- 
tive nature of the AVMA signal allows efficient shared-bus 
multipro cessor systems AVMA is low when the MPU is in 
either a HALT or SYNC state AVMA is valid tcD after the 
rising edge of Q 



LIC 

LIC (last instruction cycle) is high during the last cycle of 
every instruction, and its transition from high to low will indi- 
cate that the first byte of an opcode will be latched at the end 
of the present bus cycle LIC will be high when the MPU is 
halted at the end of an instruction (i e , not in CWAI or 
RESET), in sync state, or while stacking during interrupts 
LIC is valid tQD after the rising edge of Q 



TSC 

TSCjthree-state control) will cause MOS address, data, 
and R/W buffers to assume a high-impedance state. The 
control signals (BA, BS, BUSY, AVMA, and LIC) will not go 
to the high- impedance state TSC is intended to allow a 
single bus to be shared with other bus masters (processors 
or DMA controllers). 

While E is low, TSC controls the address buffers and R/W 
directly The data bus buffers during a write operation are in 
a high-impedance state until Q rises at which time, if TSC is 
true, they will remain in a high-impedance state If TSC is 
held beyond the rising edge of E, then it will be internally 
latched, keeping the bus drivers in a high-impedance state 
for the remainder of the bus cycle See Figure 13 



MPU OPERATION 

During normal operation, the MPU fetches an instruction 
from memory and then e xecutes the requested function. 
This sequence begins after RESET and is repeated indefinite- 
ly unless altered by a special instruction or hardware occur- 
rence Software instructions that alter normal MPU opera- 
tion are. S WI, SW I2, SWI3, CWAI, RTI, and SYNC An 
interrupt or HALT input can also alter the normal execution 
of instructions Figure 14 is the flowchart for the MC6809E 



*NMI, FIRQ, and fHQ requests are sampled on the falling edge of Q. One cycle is required for synchronization before these interrupts are recog- 
nized T he pen ding mterrupt(s) will not be serviced until completion of the current instruction unless a SYNC or CW AI co ndition is present If 
IRQ and FIRQ do not remain low until completion of the current instruction, they may not be rec ognized However, NMI is latched and need 
only re main low for one cy cle No- interrupts are recognized or latched between the falling edge of RESET and the rising edge of BS indicating 
RESET acknowledge See RESET sequence in the MPU flowchart in Figure 14 
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Instruction 



FIGURE 8 - IRQ AND NMI INTERRUPT TIMING 



Interrupt Stacking and Vector Fetch Sequence 



Instruction 
Fetch 



|m-2|m-l| m | m+ 1 | m + 2 | m + 3 | m + 4 | m + 5 | m+6 | m+7 | m + 8 | m + 9 |m+ 10|m + 11 |m+ 12 |m+ 13 |m+ 14 |m + 15|m+ 16|m+ 17|m+ 18| n |n+l| 



Address 
Bus 

TRQ or 



NMI V tL - 




x x — x x — y — x x — x — x — x — x x x — x — x — x — x — x — x — x — t r 



PC PC FFFF SP-1 SP-2 SP-3 SP-4 SP-5 SP-6 SP-7 SP-8 SP-9SP-10SP-11SP-12 FFFF F.EEC FFFD FFFF New New 
-*-t PCS (NMI) (NMI) PC PC+1 



pata-K x x x x_x x x x x x x x x x y x — x x — x x_x — x x 

VMA PCL PCH USL USH IYL IYH IXL IXH DP ACCB ACCA CCR VMA New New VMA 

PCH PCL 



BAlX X \_ 



I 



bsD(ZDCZZa_ 



r 



avma x x — y \ r 

busy" 

LIC 
E 



A / \ / xz 

I — \ L 



o 
o> 

CO 

o 
to 
m 



* E clock shown for reference only 

NOTE: Timing measurements are referenced to and from a low voltage of 0 8 volts and a high voltage of 2.0 volts, unless otherwise noted 



Last Cycle 
of Current 
Instruction 
l < > | < 



FIGURE 9 - FIRQ INTERRUPT TIMING 

Interrupt Stacking and Vector Fetch Sequence 



Instruction 
, Fetch , 
> l < > l 



m-2 I m-1 



| m | m+1 | m+2 | m+3 | m+4 | m+5 | m+6 | 



m+7 I m+8 I m+9 I n+1 



| n+1 | n- 



Address 
Bus 




T~rx x x x x x i t x x x x — x x~ 

PC PC FFFF SP-1 SP-2 SP-3 $FFFF $FFF6 $FFF7 $FFFF New PC NewPC+1 

<-tpcs 



FIRO" 



Data 



~y x" x x x x~ x y x x x x x x~ 

VKffA PCL PCH CCR M New PCH New PCL VMA 



O 
O) 
00 

o 

CO 

m 



"JCZXZZX. 



AVMA 



BUSY 



7 V 



A f 



\ r 

j u_ 



LIC 



J 



V 



E clock shown for reference only 

NOTE: Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2 0 volts, unless otherwise noted 
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FIGURE 10 - CLOCK GENERATOR 



4 MHz 
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CLR 
D Q 
74LS74 

U1 

PRE 



36 



CLR 
J Q 
J4LS76 
>U2 



PRE 



I 
I 

Optional 
MRDYjOrcuit 

I 
I 
I 



PRE 
J Q 
J4LS76 
> U3 



■OH to System and Processor 



v C c 



^>E to System 



150 0 



3 3 klJ 
VvVVH 2N2222A 



1 




NOTE If optional circuit is not included the CLR and PRE 
inputs of U2 and U3 must be tied high. 



STRETCH 



FIGURE 11 - READ-MODIFY-WRITE INSTRUCTION EXAMPLE (ASL EXTENDED INDIRECT) 

Contents Description 



Memory 
Location 



PC — $0200 
$0201 
$0202 
$0203 
$0204 



$6300 
$6301 



Memory 
Contents 



$68 



$9F 



$63 



$00 



$E3 



$D6 



ASL Indexed Opcode 
Extended Indirect Postbyte 
Indirect Address Hi-Byte 
Indirect Address Lo-Byte 
Next Mam Instruction 



Effective Address Hi-Byte 
Effective Address Lo-Byte 



$E3D6 



$5C 



Target Data 
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Current Instr 

I m-1 | 



FIGURE 12 - BUSY TIMING 

i+1 | m + 2 | m + 3 | m + 4 j m + 5 | m + 6 | m + 7 | m + 8 | m + 9 | m+10 

J I I I I I I I I LJ I I I I I r~L_r 



h i L_r 



r 



Data 



y 


X 


X 


X 


X 


X 


X 


X 


X 


X X 




X X 


X 




$0200 


$0201 


$0202 


$0203 


$FFFF 


$6300 


$6301 


$FFFF 


$E3D6 


$FFFF 


$E3D6 


$0204 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 



$68 $9F 



$63 



$00 VJTO $E3 $D6 Wfc 



$5C 



R/W X 1 
BUSY \ 

/ V. 

AVMA y 



J V 



A I 



"\ r 



FIGURE 13 - TSC TIMING 



VMA $B8 

~a r 



V 



2 

o 

o> 
oo 
o 

CO 

m 



TSC 



R/W, Address 



MPU Data 



\ 



tpcs- 



no 



> 



-tTSD tJSV-* 



tTSR- 



- l PCS 



*- -»j [*-tTSV 



— H k-tppw -H Mtsv 

—CD — CZ 

\ / 

\— See Note 1 —* 



NOTES _ 

1 Data will be asserted by the MPU only during the interval while R/W is low and (E or Q) is high A composite bus cycle is shown to give most cases of 
timing 

2 Timing measurements are referenced to and from a low voltage of 0 8 volts and a high voltage of 2 0 volts, unless otherwise noted 
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ADDRESSING MODES 




The basic instructions of any computer are greatly enhanced 
by the presence of powerful addressing modes. The MC6809E 
has the most complete set of addressing modes available on 
any microcomputer. For example, the MC6809E has 59 basic 
instructions, however, it recognizes 1464 different variations 
of instructions and addressing modes. The addressing modes 
support modern programming techniques. The following ad- 
dressing modes are available on the MC6809E: 
Inherent (Includes Accumulator) 
Immediate 
Extended 

Extended Indirect 
Direct 
Register 
Indexed 
Zero-Offset 
Constant Offset 
Accumulator Offset 
Auto Increment/Decrement 
Indexed Indirect 
Relative 
Short/Long Relative Branching 
Program Counter Relative Addressing 

INHERENT (INCLUDES ACCUMULATOR) 

In this addressing mode, the opcode of the instruction 
contains all the address information necessary Examples of 
inherent addressing are ABX, DAA, SWI, ASRA, and 
CLRB 

IMMEDIATE ADDRESSING 

In immediate addressing, the effective address of the data 
is the location immediately following the opcode (i e , the 
data to be used in the instruction immediately following the 
opcode of the instruction) The MC6809E uses both 8- and 
16-bit immediate values depending on the size of argument 
specified by the opcode Examples of instructions with im- 
mediate addressing are 

LDA #$20 
LDX #$F0O0 
LDY #CAT 

NOTE 

# signifies immediate addressing, $ signifies hexadeci- 
mal value to the MC6809 assembler. 

EXTENDED ADDRESSING 

In extended addressing, the contents of the two bytes 
immediately following the opcode fully specify the 16-bit 
effective address used by the instruction Note that the 
address generated by an extended instruction defines an 
absolute address and is not position independent. Examples 
of extended addressing include. 

LDA CAT 

STX MOUSE 

LDD $2000 



EXTENDED INDIRECT 

As a special case of indexed addressing (discussed 
below), one level of indirection may be added to extended 
addressing In extended indirect, the two bytes following the 
postbyte of an indexed instruction contain the address of the 
data 

LDA [CAT] 
LDX [$FFFE] 
STU [DOG] 

DIRECT ADDRESSING 

Direct addressing is similar to extended addressing except 
that only one byte of address follows the opcode This byte 
specifies the lower eight bits of the address to be used. The 
upper eight bits of the address are supplied by the direct 
page register Since only one byte of address is required in 
direct addressing, this mode requires less memory and exe- 
cutes faster than extended addressing. Of course, only 256 
locations (one page) can be accessed without redefining the 
contents of the DP register Since the DP register is set to 
$00 on reset, direct addressing on the MC6809E is upward 
compatible with direct addressing on the M6800 Indirection 
is not allowed in direct addressing. Some examples of direct 
addressing are. 

LDA where DP =$00 

LDB where DP =$10 

LDD <CAT 



NOTE 

< is an assembler directive which forces direct 
addressing. 

REGISTER ADDRESSING 

Some opcodes are followed by a byte that defines a 
register or set of registers to be used by the instruction This 
is called a postbyte Some examples of register addressing 
are 

TFR X, Y Transfers X into Y 

EXG A, B Exchanges A with B 

PSHS A, B, X, Y Push Y, X, B and A onto S 
stack 

PULU X, Y, D Pull D, X, and Y from U 
stack 

INDEXED ADDRESSING 

In all indexed addressing, one of the pointer registers (X, 
Y, U, S, and sometimes PC) is used in a calculation of the ef- 
fective address of the operand to be used by the instruction. 
Five basic types of indexing are available and are discussed 
below. The postbyte of an indexed instruction specifies the 
basic type and variation of the addressing mode, as well as 
the pointer register to be used Figure 15 lists the legal for- 
mats for the postbyte. Table 2 gives the assembler form and 
the number of cycles and bytes added to the basic values for 
indexed addressing for each variation 
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FIGURE 15 - INDEXED ADDRESSING POSTBYTE 
REGISTER BIT ASSIGNMENTS 



Post-Byte Register Bit 


Indexed 
Addressing 
Mode 


7 


6 


5 


4 


3 


2 


1 


0 


0 


R 


R 


d 


d 


d 


d 


d 


EA = ,R + 5 Bit Offset 




R 


R 


0 


0 


0 


0 


0 


,R + 


1 

. _ 


R 


R 




0 


0 


0 


1 


,R+ + 




R 


R 


0 


0 


0 


1 


0 


,-R 




R 


R 


i 


0 


0 


1 


1 


,- -R 




R 


R 




0 


1 


0 


0 


EA = ,R +0 Offset 




R 


R 




0 


1 


0 


1 


EA = ,R + ACCB Offset 




R 


R 




0 


1 


1 


0 


EA = ,R + ACCA Offset 




R 


R 






0 


0 


0 


EA = ,R +8 Bit Offset 




R 


R 






0 


0 


1 


EA = ,R +16 Bit Offset 




R 


R 






0 


1 


1 


EA = ,R + D Offset 




X 


X 






1 


0 


0 


EA = ,PC +8 Bit Offset 




X 


X 






1 


0 


1 


EA = ,PC +16 Bit Offset 




R 


R 






1 


1 


1 


EA = [.Address] 






1 Addressing Mode Field 

Indirect Field 



(Sign Bit when b7 = 0) 



1 Register Field RR 

00 = X 

x = Don't Care 01 = Y 

d = Offset Bit 10 = U 

._0= Not Indirect 11 = S 

~ 1 = Indirect 



ZERO-OFFSET INDEXED — In this mode, the selected pointer 
register contains the effective address of the data to be used 
by the instruction. This is the fastest indexing mode. 
Examples are: 
LDD 0, X 
LDA ,S 

CONSTAfMT OFFSET INDEXED — In this mode, a two's-com- 
plement offset and the contents of one of the pointer registers 
are added to form the effective address of the operand. The 
pointer register's initial content is unchanged by the addition. 
Three sizes of offset are available 
5-bit (-16 to +15) 
8-bit (-128 to + 128) 
16-bit (-32768 to +32767) 
The twos complement 5-bit offset is included in the postbyte 
and, therefore, is most efficient in use of bytes and cycles The 
twos complement 8-bit offset is contained in a single byte 
following the postbyte. The twos complement 16-bit offset is 
in the two bytes following the postbyte. In most cases the 
programmer need not be cocerned with the size of this offset 
since the assembler will select the optimal size automatically 
Examples of constant-offset indexing are: 
LDA 23,X 
LDX - 2,S 
LDY 300,X 
LDU CAT.Y 



TABLE 2 - INDEXED ADDRESSING MODE 



Type 


Forms 


Non Indirect 


Indirect 


Assembler 
Form 


Postbyte 
Opcode 


+ 


+ 
1 


Assembler 
Form 


Postbyte 
Opcode 


+ 


+ 
t 


Constant Offset From R 
(2s Complement Offsets) 


No Offset 


,R 


1RR00100 


0 


0 


[,R] 


1RR10100 


3 


0 


5-Bit Offset 


n, R 


ORRnnnnn 


1 


0 


defaults to 8-bit 


8- Bit Offset 


n, R 


1RR01000 


1 


1 


[n, R] 


1RR11000 


4 


1 


16-Bit Offset 


n, R 


1RR01001 


4 


2 


[n, R] 


1RR11001 


7 


2 


Accumulator Offset From R 
(2s Complement Offsets) 


A Register Offset 


A, R 


1RR00110 


1 


0 


[A, R] 


1RR10110 


4 


0 


B Register Offset 


B, R 


1RR00101 


1 


0 


[B, R) 


1RR10101 


4 


0 


D Register Offset 


D, R 


1RR01011 


4 


0 


[D, R] 


1RR11011 


7 


0 


Auto Increment/Decrement R 


Increment By 1 


,R + 


1RR000O0 


2 


0 


not allowed 


Increment By 2 


,R+ + 


1RR00001 


3 


0 


[,R++] | 1RR10001 | 6 1 0 


Decrement By 1 


,-R 


1RR00010 


2 


0 


not allowed 


Decrement By 2 


, R 


1RR00011 


3 


0 


[, — R] 


1RR10011 


6 


0 


Constant Offset From PC 
(2s Complement Offsets) 


8-Bit Offset 


n, PCR 


1xx01100 


1 


1 


[n, PCR] 


1xx11100 


4 


1 


1 6- Bit Offset 


n, PCR 


IxxOIIOI 


5 


2 


[n, PCR] 


1xx11101 


8 


2 


Extended Indirect 


16- Bit Address 










[n] 


10011111 


5 


2 



R = X, Y, U or S RR- 
x = Don't Care 00 =X 



01 = Y 
10=U 
11 = S 

t»and ^indicate the number of additional cycles and bytes respectively for the particular indexing variation 
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ACCUMULATOR-OFFSET INDEXED - This mode is 
similar to constant offset indexed except that the twos com- 
plement value in one of the accumulators (A, B, or D) and 
the contents of one of the pointer registers are added to form 
the effective address of the operand The contents of both 
the accumulator and the pointer register are unchanged by 
the addition The postbyte specifies which accumulator to 
use as an offset and no additional bytes are required The ad- 
vantage of an accumulator offset is that the value of the off- 
set can be calculated by a program at run-time. 
Some examples are. 

LDA B, Y 

LDX D, Y 

LEAX B, X 

AUTO INCREMENT/DECREMENT INDEXED - In the 

auto increment addressing mode, the pointer register con- 
tains the address of the operand Then, after the pointer 
register is used, it is incremented by one or two. This ad- 
dressing mode is useful in stepping through tables, moving 
data, or creating software stacks In auto decrement, the 
pointer register is decremented prior to use as the address of 
the data The use of auto decrement is similar to that of auto 
increment, but the tables, etc , are scanned from the high to 
low addresses The size of the increment/decrement can be 
either one or two to allow for tables of either 8- or 16-bit data 
to be accessed and is selectable by the programmer The 
pre-decrement, post-increment nature of these modes 
allows them to be used to create additional software stacks 
that behave identically to the U and S stacks 

Some examples of the auto increment/decrement 
addressing modes are' 

LDA ,X + 

STD ,Y+ + 

LDB ,-Y 

LDX ,- -S 

Care should be taken in performing operations on 16-bit 
pointer registers (X, Y, U, S) where the same register is used 
to calculate the effective address 

Consider the following instruction 

STX 0,X+ +(X initialized to 0) 
The desired result is to store a zero in locations $0000 and 
$0001, then increment X to point to $0002 In reality, the fol- 
lowing occurs 

0— temp calculate the EA, temp is a holding register 
X + 2 -*• X perform auto increment 
X--(temp) do store operation 
INDEXED INDIRECT 

All of the indexing modes, with the exception of auto in- 
crement/decrement by one or a ±5-bit offset, may have an 
additional level of indirection specified In indirect address- 
ing, the effective address is contained at the location 
specified by the contents of the index register plus any off- 
set In the example below, the A accumulator is loaded in- 
directly using an effective address calculated from the index 
register and an offset 
Before Execution 
A=XX (don't care) 
X = $F000 



$0100 LDA [$10,X] EA is now $F010 

$F010 $F1 $F150is now the 

$F011 $50 newEA 

$F150 $AA 

After Execution 
A=$AA (actual data loaded) 
X = $F000 

All modes of indexed indirect are included except those 
which are meaningless (e g , auto increment/ decrement by 
1 indirect) Some examples of indexed indirect are 

LDA [,X] 

LDD [10,S] 

LDA [B,Y] 

LDD [,X++] 

RELATIVE ADDRESSING 

The byte(s) following the branch opcode is (are) treated as 
a signed offset which may be added to the program counter. 
If the branch condition is true, then the calculated address 
(PC + signed offset) is loaded into the program counter 
Program execution continues at the new location as indi- 
cated by the PC, short (one byte offset) and long (two bytes 
offset) relative addressing modes are available All of 
memory can be reached in long relative addressing as an ef- 
fective address interpreted modulo 2^ Some examples of 
relative addressing are. 





BEQ 


CAT 


(short) 




BGT 


DOG 


(short) 


CAT 


LBEQ 


RAT 


(long) 


DOG 


LBGT 

• 

• 


RABBIT 


(long) 


RAT 


• 

NOP 






RABBIT 


NOP 







PROGRAM COUNTER RELATIVE 

The PC can be used as the pointer register with 8- or 16-bit 
signed offsets. As in relative addressing, the offset is added 
to the current PC to create the effective address The effec- 
tive address is then used as the address of the operand or 
data. Program counter relative addressing is used for writing 
position independent programs Tables related to a particular 
routine will maintain the same relationship after the routine is 
moved, if referenced relative to the program counter 
Examples are 

LDA CAT, PCR 

LEAX TABLE, PCR 
Since program counter relative is a type of indexing, an 
additional level of indirection is available. 

LDA [CAT, PCR] 

LDU [DOG, PCR] 
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INSTRUCTION SET 

The instruction set of the MC6809E is similar to that of the 
MC6800 and is upward compatible at the source code level 
The number of opcodes has been reduced from 72 to 59, but 
because of the expanded architecture and additional ad- 
dressing modes, the number of available opcodes (with dif- 
ferent addressing modes) has risen from 197 to 1464 

Some of the new instructions are described in detail 
below. 



Transfer/ Exchange Postbyte 



PSHU/PSHS 

The push instructions have the capability of pushing onto 
either the hardware stack (S) or user stack (U) any single 
register or set of registers with a single instruction. 

PULU/PULS 

The pull instructions have the same capability of the push 
instruction, in reverse order. The byte immediately following 
the push or pull opcode determines which register or 
registers are to be pushed or pulled. The actual push/ pull se- 
quence is fixed, each bit defines a unique register to push or 
pull, as shown below. 



Push/ Pull Postbyte 





Stacking Order 




Pull Order 




\ 


CCR 


CC 


A 


A 


B 


B 


DPR 


DP 


X 


X Hi 


Y 


X lo 


S/U 


Y Hi 


PC 


Y Lo 




U/S Hi 




U/S Lo 




PC Hi 




PC Lo 




t 




Push Order 




Increasing 




Memory 



I 

TFR/EXG 

Within the MC6809E, any register may be transferred to or 
exchanged with another of like size; i.e., 8-bit to 8-bit or 
16-bit to 16-bit. Bits 4-7 of postbyte define the source 
register, while bits 0-3 represent the destination register. 
These are denoted as follows: 



Source 



Destination 



Register Field 
0000=D(AB) 10CO=A 



0001 = X 
0010= Y 
0011 = U 
0100= S 
0101 = PC 



1001 = B 
1010= CCR 
1011 = DPR 



NOTE 

All other combinations are undefined and INVALID 

LEAX/LEAY/LEAU/LEAS 

The LEA (load effective address) works by calculating the 
effective address used in an indexed instruction and stores 
that address value, rather than the data at that address, in a 
pointer register This makes all the features of the internal 
addressing hardware available to the programmer Some of 
the implications of this instruction are illustrated in Table 3 

The LEA instruction also allows the user to access data 
and tables in a position independent manner For example 
LEAX MSG1, PCR 
LBSR PDATA (Print message routine) 



MSG1 FCC 'MESSAGE' 

This sample program prints 'MESSAGE'. By writing 
MSG1, PCR, the assembler computes the distance between 
the present address and MSG1. This result is placed as a 
constant into the LEAX instruction which will be indexed 
from the PC value at the time of execution. No matter where 
the code is located when it is executed, the computed offset 
from the PC will put the absolute address of MSG1 into the X 
pointer register. This code is totally position independent. 

The LEA instructions are very powerful and use an internal 
holding register (temp). Care must be exercised when using 
the LEA instructions with the auto increment and auto 
decrement addressing modes due to the sequence of internal 
operations The LEA internal sequence is outlined as follows. 



LEAa ,b + 

1. b— temp 

2. b+1— - b 

3. temp-* a 

LEAa ,-b 

1. b- 1 — temp 

2 b- 1 — b 

3 temp-* a 



(any of the 16- bit pointer registers X, Y, 
U, or S may be substituted for a and b.) 
(calculate the EA) 
(modify b, postincrement) 
(load a) 



(calculate EA with predecrement) 
(modify b, predecrement) 
(load a) 



TABLE 3 - LEA EXAMPLES 



Instruction 


Operation 


Comment 


LEAX 


10, X 


X + 10 — - 


X 


Adds 5-Bit Constant 10 to X 


LEAX 


500, X 


X + 500 — 


X 


Adds 16-Bit Constant 500 to X 


LEAY 


A, Y 


Y + A — 


Y 


Adds 8-Bit A Accumulator to Y 


LEAY 


D, Y 


Y + D — " 


Y 


Adds 16-Bit D Accumulator to Y 


LEAU 


-10.U 


U - 10 — 


U 


Substracts 10 from U 


LEAS 


-10, s 


S - 10 — - 


S 


Used to Reserve Area on Stack 


LEAS 


10, s 


S + 10 — 


S 


Used to 'Clean Up' Stack 


LEAX 


5,S 


S + 5 — - 


X 


Transfers As Well As Adds 
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Auto increment-by-two and auto decrement-by- two instruc- 
tions work similarly Note that LEAX ,X+ does not change 
X, however LEAX,-X does decrement X LEAX 1,X should 
be used to increment X by one 

MUL 

Multiplies the unsigned binary numbers in the A and B ac- 
cumulator and places the unsigned result into the 16-bit D 
accumulator This unsigned multiply also allows multiple- 
precision multiplications. 

LONG AND SHORT RELATIVE BRANCHES 

The MC6809E has the capability of program counter 
relative branching throughout the entire memory map In 
this mode, if the branch is to be taken, the 8- or 16-bit signed 
offset is added to the value of the program counter to be 
used as the effective address This allows the program to 
branch anywhere in the 64K memory map Position indepen- 
dent code can be easily generated through the use of relative 
branching Both short (8 bit) and long (16 bit) branches are 
available 

SYNC 

After encountering a sync instruction, the MPU enters a 
sync state, stops processing instructions, and wai ts for an 
interrupt I f the pending interrupt is non-maskable (NMI) or 
maskable (FIRQ, IRQ) with its mask bit (F or I) clear, the pro- 
cessor will clear the sync state and perfor m the nor mal m ter- 
rupt stacking and service routine Since FIRQ and IRQ are 
not edge-triggered, a low level with a minimum duration of 
three bus cycles is required to assure that the i nterru p t wil l 
be taken If the pending interrupt is maskable (FIRQ, IRQ) 
with its mask bit (F or I) set, the processor will clear the sync 
state and continue processing by executing the next in-line 
instruction Figure 16 depicts sync timing 

SOFTWARE INTERRUPTS 

A software interrupt is an instruction which will cause an 
interrupt and its associated vector fetch. These software in- 
terrupts are useful in operating system calls, software debug- 
ging, trace operations, memory mapping, and software 
development systems Three levels of SWI are available on the 
MC6809E and are prioritized in the following order: SWI, SWI2, 
SWI3 

16-BIT OPERATION 

The MC6809E has the capability of processing 16-bit data. 
These instructions include loads, stores, compares, adds, 
subtracts, transfers, exchanges, pushes, and pulls 



CYCLE-BY-CYCLE OPERATION 

The address bus cycle-by-cycle performance chart (Figure 
16) illustrates the memory-access sequence corresponding 
to each possible instruction and addressing mode in the 
MC6809E. Each instruction begins with an opcode fetch. 
While that opcode is being internally decoded, the next pro- 
gram byte is always fetched. (Most instructions will use the 
next byte, so this technique considerably speeds through- 
put.) Next , the operation of each opcode will follow the 
flowchart_ VMA is an indication of FFFF-|6 on the address 
bus, R/W=1 and BS = 0. The following examples illustrate 
the use of the chart 



Example 1: LBSR (Branch Taken) 
Before Execution SP= F000 



$8000 



$AOO0 



LBSR 



CAT 



CAT 



CYCLE-BY-CYCLE FLOW 



Cycle H 


Address 


Data 


R/W 


Description 


1 


8000 


17 




Opcode Fetch 


2 


8001 


20 




Offset High Byte 


3 


8002 


00 




Offset Low Byte 


4 


FFFF 






VMA Cycle 


5 


FFFF 


* 




VMA Cycle 


6 


AOOO 






Computed Branch Address 


7 


FFFF 






VM"A Cycle 


8 


EFFF 


80 


0 


Stack High Order Byte of 










Return Address 


9 


EFFE 


03 


0 


Stack Low Order Byte of 










Return Address 




Example 2: DEC (Extended) 

$8000 DEC $A000 
$A000 FCB $80 



CYCLE-BY-CYCLE FLOW 



Cycle # 


Address 


Data 


R/W 


Description 


1 


8000 


7A 


1 


Opcode Fetch 


■ 2 


8001 


AO 


, 1 


Operand Address, High Byte 


3 


8002 


00 


1 


Operand Address, Low Byte 


4 


FFFF 




1 


WiA Cycle 


5 


AOOO 


80 


1 


Read the Data 


6 


FFFF 


* 


1 


VMA Cycle 


7 


FFFF 


7F 


0 


Store the Decremented Data 



The data bus has the data at that particular address 

INSTRUCTION SET TABLES 

The instructions of the MC6809E have been broken down 
into five different categories They are as follows- 
8-bit operation (Table 4) 
16-bit operation (Table 5) 

Index register/stack pointer instructions (Table 6) 
Relative branches (long or short) (Table 7) 
Miscellaneous instructions (Table 8) 
Hexadecimal values for the instructions are given in 
Table 9. 



PROGRAMMING AID 

Figure 18 contains a compilation of data that will assist 
you in programming the MC6809E. 
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FIGURE 16 - SYNC TIMING 



Last Cycle Sync 
of Previous Opcode 
.Instruction, Fetch , Execute 

h — *w — h< — * 



Sync Acknowledge 
\ 



Last Cycle 
of Sync 
.Instruction . 

■*H H 



o 

H 

O 

o 



o> g 

o 
m 

CO 
CO 
O 

30 



Q 

Address 
Data 
R/W 
BA 
BS 
AVMA 

LIC 

IRQ , 
NMI. 
FIRQ 




D(_J(_JCZ> 

" x y 



7 — \ /" 



V|L-c 



'PCt 



a x jc 



See Note 2 



f^-tpes 



See Note 1 



O 
at 
oo 
o 
to 
m 



NOTES 1. If the associated mask bit is set when the interrupt is r eque sted, LIC will go low a nd this cycle will be an instruction fetch from address 
location PC + 1. However, if the interrupt is accepted iNMl or an unmasked FIRQ or IRQ) LIC will remain high and interrupt processing 
will start with this cycle as m on Figures 8 and 9 (Interrupt Timing) 

2. If mask bits are clear, fRQ and FIRQ must be held low for three cycles to guarantee that interrupt will be taken, although only one cycle 
is necessary to bring the processor out of SYNC 

3 Timing measurements are referenced to and from a low voltage of 0 8 volts and a high voltage of 2 0 volts, unless otherwise noted 
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FIGURE 17 — CYCLE-BY-CYCLE PERFORMANCE (Sheet 1 of 5) 




Relative Addressing 
Mode 



LBCC, LBCS. LBEQ, LBGE, 
L8GT. LBHI. LBHS, LBLE, 
LBLO. LBLS. LBLT, 
L8MI. L8NE. LB PL. 
LBRA, L8RN, LBSR, 
LBVC. LBVS 



BCC, BCS. BEQ. BGE, BGT. BHI, 
BHS. BLE. BLD. BLS. BLT. BMI. 
BNE. BPL. BRA. BRN. 
BSR. BVC. BVS 



NOTES 
1 Each state shows 

Data Bus Offset I 
Address Bus NNNN 



2 Address NNNN is location of opcode 



If opcode is a two byte opcode subsequent 
addresses are in parenthesis f — ) 



4 Two-byte opcodes are highlighted 





Sub Dest Addr 

~T~ 



FFFF 

IE 



Return Addr Low 



Return Addr High 
Stack 

i 
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FIGURE 17 - CYCLE-BY-CYCLE PERFORMANCE (Sheet 2 of 5) 
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FIGURE 17 - CYCLE-BY-CYCLE PERFORMANCE (Shoet4of 5) 



Indexed Addressing Mode 



et I 5-BilOtfsetf 8-BitOMsetT 16-Bil Otlsel T A/ 8 Offset T D Offset T Inc/Dec | Inc/Dec ' PC ± 16-Bit T Extended t PC±8 Bit I 

R T Fr om R ♦ Fr om R ♦ Fro m R f Fr om R t F rom R { R by 1 | R by 2 { O lfset I I ndirect t> Oltset f 



NNNN + 2(31 

ZIZ 



NNNN + 2131 

~T~ 



NNNN 4-3(4) 

~r~ 



NNNN + 415) 

~T~ 



FFFF 



NNNN + 3I4I 



FFFF 



NNNN + 2131 

~T~ 



NNNN + 2131 



NNNN + 2(31 



FFFF 




Constant Olfset from R 
No Offset 
8 Bil Offset 
1&-Bit Offset 

Accumulator Offset from R 
A Register Oltset 
B Register Offset 
D Register Offset 

Auto Increment/ Decrement R 
Increment by 2 
Decrement by 2 

Constant Offset from PC 
8 Bit Offset 
IS bit Offset 



indei Reg-ster 

index Register + Offset Byte 

index Register ♦ Offset High Bvte Offset Low Byte 



index Register + A Register 
Index Register + B Register 
Index Register + D Register 



Address High Byte Addres Low BvIl- 



The index register is incremented following the indexed a 
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CYCLE-BY-CYCLE PERFORMANCE (Sheet 5 of 5) 




Effective Address 

(All Except 
Immediate) 



D» 


la 


NNNN + 1 


* 


Don't 


Care 


NNN 


N+2 



ADCA/B, 

ADDA/B. 

ANDA/B. 

BITA/B. 

CMPA/B. 

EDRA/B, 

LOA/B. 

ORA/B. 

SBCA/B. 

SUBA/B 



STA/B 
(All Except 
Immediate) 



ASL. ASH, 
CLR, COM, 
DEC. INC. 
LSL. LSR. 
NEC ROL. 
RDR IAN 
Except 
Immediate) 



JSR 
(All Except 
Immediate) 



EA*1 



LEAS. 
LEAV, 
UAX, 
LEAY 
llndexed Only) 



Sub Address 

~T~ 



FFFF 

PC Low (.Write) 
Stack 

~T~ 

PC High (Write) 
Stack 

T 



Effective Address (EAI 



Constant Offset from R 
No Offset 
5 Bit Offset 
8 Bit Offset 
16 Bit Offset 

Accumulator Offset from R 
A Register Offset 
B Register Offset 
D Register Offset 

Auto Increment/ Decrement R 
Increment by 1 
Increment by 2 

Decrement by 2 

Constant Offset from PC 
8 Bit Offset 
16 Bit Offset 

Direct 

Extended 

Immediate 

The index register is incremented -ollowing the indexed 



Index Register 

Index Register 

Index Register + Post Byte 

Index Register + Post Byte High Post Byte Low 



Index Register + A Register 
Index Register + B Register 
Index Register + 0 Register 



Index Register 
Index Register 
Index Register - 1 
Index Register - 2 



Program Counter + Offset Byte 

Program Counter + Offset High Byte Offset Low Byte 
Direct Page Register Address Low 
Address High Address Low 
NNNN + 1 
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TABLE 4 - 8-BIT ACCUMULATOR AND MEMORY INSTRUCTIONS 



Mnemontels) 


Operation 


ADCA. ADCB 


Add memory to accumulator with carry 


ADDA, ADDB 


Add memory to accumulator 


ANDA, ANDB j 


And memory with accumulator 


ASL, ASLA, ASLB 


Arithmetic shift of accumulator or memory left 


ASR. ASRA, ASRB 


Arithmetic shift of accumulator or memory right 


BITA, BITB 


Bit test memory with accumulator 


CLR, CLRA, CLRB 


Clear accumulator or memory location 


CMPA, CMPB 


Compare memory from accumulator 


COM, COMA, COMB 


Complement accumulator or memory location 


DAA 


Decimal adjust A accumulator 


DEC, DECA, DECB 


Decrement accumulator or memory location 


EORA, EORB 


Exclusive or memory with accumulator 


EXG R1, R2 


Exchange R1 with R2 (R1, R2 = A, B, CC, DPI 


INC, INCA, INCB 


Increment accumulator or memory location 


LDA, LDB 


Load accumulator from memory 


LSI, LSLA, LSLB 


Logical shift left accumulator or memory location 


LSR, LSRA, LSRB 


Logical shift right accumulator or memory location 


MUL 


Unsigned multiply (Ax B — D) 


NEG, NEGA, NEGB 


Negate accumulator or memory 


ORA, ORB 


Or memory with accumulator 


ROL, ROLA, ROLB 


Rotate accumulator or memory left 


ROR, RORA, RORB 


Rotate accumulator or memory right 


SBCA, SBCB 


Subtract memory from accumulator with borrow 


STA, STB 


Store accumulator to memory 


SUBA, SUBB 


Subtract memory from accumulator 


TST, TSTA, TSTB 


Test accumulator or memory location 


TFR R1, R2 


Transfer R1 to R2 <R1, R2 = A, B, CC, DP) 



NOTE: A, B, CC or DP may be pushed to (pulled from) either stack with PSHS, PSHU (PULS, 
PULU) instructions 

TABLE 5 - 16-BIT ACCUMULATOR AND MEMORY INSTRUCTIONS 



Mnemonic(s) 


Operation 


ADDD 


Add memory to D accumulator 


CMPD 


Compare memory from D accumulator 


EXG D, R 


Exchange D with X, Y, S, U or PC 


LDD 


Load D accumulator from memory 


SEX 


Sign Extend B accumulator into A accumulator 


STD 


Store D accumulator to memory 


SUBD 


Subtract memory from D accumulator 


TFR D, R 


Transfer D to X, Y, S, U or PC 


TFR R, D 


Transfer X, Y, S, U or PC to D 



NOTE. D may be pushed (pulled) to either stack with PSHS, PSHU (PULS, 
PULU) instructions. 

TABLE 6 - INDEX REGISTER/STACK POINTER INSTRUCTIONS 



Instruction 


Description 


CMPS, CMPU 


Compare memory from stack pointer 


CMPX, CMPY 


Compare memory from index register 


EXG R1, R2 


Exchange D, X. Y, S, U or PC with D, X, Y, S, U or PC 


LEAS, LEAU 


Load effective address into stack pointer 


LEAX, LEAY 


Load effective address into index register 


LDS, LDU 


Load stack pointer from memory 


LDX, LDY 


Load index register from memory 


PSHS 


Push A, B, CC, DP, D, X, Y, U, or PC onto hardware stack 


PSHU 


Push A, B, CC, DP, D, X, Y, S, or PC onto user stack 


PULS 


Pull A, B, CC, DP, D, X, Y, U or PC from hardware stack 


PULU 


Pull A, B, CC, DP, D, X, Y, S or PC from hardware stack 


STS, STU 


Store stack pointer to memory 


STX, STY 


Store index register to memory 


TFR R1, R2 


Transfer D, X, Y, S, U or PC to D, X, Y, S, U or PC 


ABX 


Add B accumulator to X (unsigned) 
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TABLE 7 - BRANCH INSTRUCTIONS 



Instruction 


Description 


SIMPLE BRANCHES 


BEQ, LBEQ 


Branch if equal 


BNE, LBNE 


Branch if not equal 


BMI, LBMI 


Branch if minus 


BPL. LBPL 


Branch if plus 


BCS, LBCS 


Branch if carry set 


BCC. LBCC 


Branch if carry clear 


BVS, LBVS 


Branch if overflow set 


BVC, LBVC 


Branch if overflow clear 


SIGNED BRANCHES 


BGT. LBGT 


Branch if greater (signed) 


BVS, LBVS 


Branch if invalid 2's complement result 


BGE, LBGE 


Branch if greater than or equal (signed) 


BEQ, LBEQ 


Branch if equal 


BNE, LBNE 


Branch if not equal 


BLE, LBLE 


Branch if less than or equal (signed) 


BVC, LBVC 


Branch if valid 2's complement result 


BLT, LBLT 


Branch if less than (signed) 


UNSIGNED BRANCHES 


BHI, LBHI 


Branch if higher (unsigned) 


BCC, LBCC 


Branch if higher or same (unsigned) 


BHS, LBHS 


Branch if higher or same (unsigned) 


BEQ, LBEQ 


Branch if equal 


BNE, LBNE 


Branch if not equal 


BLS, LBLS 


Branch if lower or same (unsigned) 


BCS, LBCS 


Branch if lower (unsigned) 


BLO, LBLO 


Branch if lower (unsigned) 


OTHER BRANCHES 


BSR, LBSR 


Branch to subroutine 


BRA, LBRA 


Branch always 


BRN, LBRN 


Branch never 




TABLE 8 - MISCELLANEOUS INSTRUCTIONS 



Instruction 


Description 


ANDCC 


AND condition code register 


CWAI 


AND condition code register, then wait for interrupt 


NOP 


No operation 


ORCC 


OR condition code register 


JMP 


Jump 


JSR 


Jump to subroutine 


RTI 


Return from interrupt 


RTS 


Return from subroutine 


SWI, SWI2, SWI3 


Software interrupt (absolute indirect) 


SYNC 


Synchronize with interrupt line 
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TABLE 9 - HEXADECIMAL VALUES OF MACHINE CODES 



OP 


Mnem 


Mode 




# 


OP 


Mnem 


Mode 


~ 


# 


OP 


Mnem 


Mode 




f 


00 


NEG 


Dir 


!Ct 


6 


2 


30 


LEAX 


Inde 


xed 


4 + 


2 + 


60 


NEG 


Indexed 


6 + 


2 + 


01 


* 


i 


k 






31 


LEAY 






4 + 


2 + 


61 


* 










02 


* 










32 


LEAS 


; 


: 


4 + 


2 + 


62 


* 










03 


COM 






6 


2 


33 


LEAU 


Indexed 


4 + 


2 + 


63 


COM 






6 + 


2 + 


04 


LSR 






Q 


2 


34 


PSHS 


Immed 


0 T 


Z 


64 


LSR 






6 + 


2 + 


05 












35 


PULS 


Immed 


5+ 


2 


65 












06 


ROR 






6 


2 


36 


PSHU 


Immed 


5+ 


2 


66 


ROR 






6 + 


2 + 


07 


ASR 






6 


2 


37 


PULU 


Immed 


5 + 


2 


67 


ASR 






6 + 


2 + 


08 


ASL, LSL 






6 


2 


38 


* 










68 


ASL, LSL 






6 + 


2 + 


09 


ROL 






6 


2 


39 


RTS 


Inherent 


5 


1 


69 


ROL 






6 + 


2 + 


OA 


DEC 






6 


2 


3A 


ABX 


i 




3 


1 


6A 


DEC 






6 + 


2 + 


OB 












3B 


RTI 




: 


6/15 


1 


6B 


» 










OC 


INC 






6 


2 


3C 


CWAI 






220 




6C 


INC 






6 + 


2 + 


OD 


TST 






6 


2 


3D 


MUL 


Inherent 


11 


1 


6D 


TST 






6 + 


2 + 


OE 


JMP 




t 


3 


2 


3E 


# 










6E 


JMP 




f 


3 + 


2 + 


OF 


CLR 


Dir 


3Ct 


6 


2 


3F 


SWI 


Inherent 


19 


1 


6F 


CLR 


Indexed 


6 + 


2 + 


10 


Page 2 






- 


- 


40 


NEGA 


Inherent 


2 


1 


70 


NEG 


Extended 


7 


3 


11 


Page 3 






- 


- 


41 


» 


t 


k 






71 


* 










12 


NOP 


Inherent 


2 


1 


42 


« 










72 


* 










13 


SYNC 


Inherent 


24 


1 


43 


COMA 






2 


1 


73 


COM 






7 


3 


14 


* 










44 


LSRA 






2 




74 


LS R 






n 




15 


* 










45 


* 










75 


* 










16 


LBRA 


Relative 


5 


3 


46 


RORA 






2 


1 


76 


ROR 






7 


3 


17 


LBSR 


Relative 


9 


3 


47 


ASRA 






2 


1 


77 


ASR 






7 


3 


18 


* 










48 


ASLA. LSLA 






2 


1 


78 


ASL, LSL 






7 


3 


19 


DAA 


Inherent 


2 


1 


49 


ROLA 






2 


1 


79 


ROL 






7 


3 


1A 


ORCC 


Immed 


3 


2 


4A 


DECA 






2 


1 


7A 


DEC 






7 


3 


1B 


• 










4B 


# 










7B 


« 










1C 


ANDCC 


Immed 


3 


2 


4C 


INCA 






2 


1 


7C 


INC 






7 


3 


1D 


SEX 


Inherent 


2 


1 


4D 


TSTA 






2 


1 


7D 


TST 






7 


3 


1E 


EXG 


Immed 


8 


2 


4E 


* 










7E 


JMP 






4 


3 


1F 


TFR 


Immed 


6 


2 


4F 


CLRA 


Inhe 


rent 


2 


1 


7F 


CLR 


Exte 


nded 


7 


3 


20 


BRA 


Relative 


3 


2 


50 


NEGB 


Inherent 


2 


1 


80 


SUBA 


Immed 


2 


2 


21 


BRN 




k 


3 


2 


51 


* 










81 


CMPA 


i 




2 


2 


22 


BHI 






3 


2 


52 


* 










82 


SBCA 






2 


2 


23 


BLS 






3 


2 


53 


COMB 






2 


1 


83 


SUBD 






4 


3 


24 


duc arc 
Dno, Dw\* 








2 


54 


LSRB 






2 




84 


ANDA 






2 


2 


25 


BLO, BCS 






3 


2 


55 


* 










85 


BITA 






2 


2 


26 


BNE 






3 


2 


56 


RORB 






2 




86 


LDA 






2 


2 


27 


BEQ 






3 


2 


57 


ASRB 






2 




87 


• 










28 


BVC 






3 


2 


58 


ASLB, LSLB 






2 




88 


EORA 






2 


2 


29 


BVS 






3 


2 


59 


ROLB 






2 




89 


ADCA 






2 


2 


2A 


BPL 






3 


2 


5A 


DECS 






2 




8A 


ORA 






2 


2 


2B 


BMI 






3 


2 


5B 


• 










8B 


ADDA 






2 


2 


2C 


BGE 






3 


2 


5C 


INCB 






2 




8C 


CMPX 


Imn 


led 


4 


3 


2D 


BLT 






3 


2 


5D 


TSTB 






2 




8D 


BSR 


Relative 


7 


2 


2E 


BGT 






3 


2 


5E 


* 










8E 


LDX 


Immed 


3 


3 


2F 


BLE 


Rela 


tive 


3 


2 


5F 


CLRB 


Inhe 


rent 


2 


1 


8F 


• 











LEGEND. 

-Number of MPU cycles (less possible push pull or indexed-mode cycles) 
I Number of program bytes 
* Denotes unused opcode 
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TABLE 9 - HEXADECIMAL VALUES OF MACHINE CODES (CONTINUED) 



OP 


Mnem 


Mode 


~ 


I 


OP 


Mnem 


Mode 


~ 


I 


OP 


Mnem 


Mode 


- 


t 


90 


SUBA 


Dire 


iCt 


4 


2 


CO 


SUBB 


Immed 


2 


2 














91 


CMPA 


i 




4 


2 


C1 


CMPB 




\ 


2 


2 




Page 2 and 3 Machine 






92 


SBCA 






4 


2 


C2 


SBCB 






2 


2 




Codes 








93 


SUBD 






6 


2 


C3 


ADDD 






4 


3 






































94 


ANDA 






4 


2 


C4 


ANDB 






2 


2 


1021 


LBRN 


Relative 


5 


4 


95 


BITA 






4 


2 


C5 


BITB 


Immed 


2 


2 


1022 


LBHI 


> 




5(6) 


4 


96 


LDA 






4 


2 


C6 


LDB 


Immed 


2 


2 


1023 


LBLS 






5(6) 


4 


97 


STA 






4 


2 


C7 


* 


t 


i 






1024 


LBHS, LBCC 






5(6) 


4 


98 


EORA 






4 


2 


C8 


EORB 






2 


2 


1025 


LBCS, LBLO 






5(6) 


4 


99 


ADCA 






4 


2 


C9 


ADCB 






2 


2 


1026 


LBNE 






5(6) 


4 


9A 


ORA 






4 


2 


CA 


ORB 






2 


2 


1027 


LBEQ 






5(6) 


4 


9B 


ADDA 






4 


2 


CB 


ADDB 






2 


2 


1028 


LBVC 






5(6) 


4 


9C 


CMPX 






6 


2 


CC 


LDD 






3 


3 


1029 


LBVS 






5(6) 


4 


9D 


JSR 






7 


2 


CD 


» 










102A 


LBPL 






5(6) 


4 


9E 


LDX 


\ 




5 


2 


CE 


LDU 


Imrr 


ed 


3 


3 


102B 


LBMI 






5(6) 


4 


9F 


STX 


Direct 


5 


2 


CF 












102C 


LBGE 






5(6) 


4 














DO 
D1 
D2 


SUBB 
CMPB 
SBCB 


Din 

t 


JCt 

< 






102D 


LBLT 






5(6) 


4 


AO 
A1 


SUBA 
CMPA 


Inde 


xed 


4 + 
4 + 


2 + 
2 + 


4 
4 


2 
2 


102E 
102F 


LBGT 
LBLE 


Rele 


tive 


5(6) 
5(6) 


4 
4 


A2 


SBCA 






4 + 


2 + 






4 


2 
2 
2 


103F 


SWI2 


Inherent 


20 


2 


A3 


SUBD 






6 + 


2 + 


D3 


ADDD 






6 
4 


1083 


CMPD 


Immed 


5 


4 


A4 


ANDA 






4 + 


2 + 


D4 


ANDB 






108C 


CMPY 






g 


4 


A5 


BITA 






4 + 


2 + 


D5 


BITB 






4 


2 
2 


108E 


LDY 


Immed 


4 


4 


A6 


LDA 






4 + 


2 + 


D6 
D7 


LDB 
STB 






4 


1093 


CMPD 


Direct 


7 


3 


A7 


STA 






4 + 


2 + 






4 


2 


109C 


CMPY 


> 




7 


3 


A8 


EORA 






4 + 


2 + 


D8 


EORB 






4 


2 


109E 


LDY 




I 


6 


3 


A9 
AA 


ADCA 
ORA 






4 + 
4 + 


2 + 
2 + 


D9 
DA 
DB 
DC 
DD 
DE 
OF 


ADCB 

ORB 

ADDB 

LDD 

STD 

LDU 

STU 






4 
4 


2 
2 
2 


109F 
10 A3 


STY 
CMPD 


Direct 
Indexed 


6 

7 + 


3 

3 + 


AB 
AC 
AD 
AE 
AF 


ADDA 

CMPX 

JSR 

LDX 

STX 


Inde 


xed 


4 + 

6 + 

7 + 

5 + 
5 + 


2 + 
2 + 
2 + 
2 + 
2 + 


Dir 


1 

2Ct 


4 
5 
5 
5 
5 


2 
2 
2 
2 


10AC 
10AE 
10AF 
10B3 
10BC 
10BE 


CMPY 

LDY 

STY 

CMPD 

CMPY 

LDY 


Indexed 
Extended 


7 + 
6 + 
6 + 
8 
8 


3 + 
3 + 
3 + 
4 
4 














EO 


SUBB 






4 + 


2 + 






















inusxtu 






7 


4 


BO 


SUBA 


Extended 


5 


3 


El 


CMPB 


I 




4 + 


2 + 


10BF 


STY 


Extended 


7 


4 


B1 


CMPA 


i 




5 


3 


E2 


SBCB 






4 + 


2 + 


10CE 


LDS 


Immed 


4 


4 


B2 


SBCA 






5 


3 


E3 


ADDD 






6 + 


2 + 


10DE 


LDS 


Direct 


6 


3 


B3 


SUBD 






■7 


3 


E4 


ANDB 






4 + 


2 + 


10DF 


STS 


Direct 


6 


3 


B4 


ANDA 








3 


E5 


BITB 






4 + 


2 + 


10EE 


LDS 


Indexed 


6 + 


3 + 


B5 


BITA 






5 


3 


E6 


LDB 






4 + 


2 + 


10EF 


STS 


Indexed 


6 + 


3 + 


B6 


LDA 






5 


3 


E7 


STB 






4 + 


2 + 


10FE 


LDS 


Extended 


7 


4 


B7 


STA 






5 


3 


E8 


EORB 






4 + 


2 + 


10FF 


STS 


Extended 


7 


4 


B8 


EORA 






5 


3 


E9 


ADCB 






4 + 


2 + 


1 13F 


SWI3 


Inherent 


20 


2 


B9 


ADCA 






5 


3 


EA 


ORB 






4 + 


2 + 


1183 


CMPU 


Immed 


5 


4 


BA 


ORA 






5 


3 


EB 


ADDB 






4 + 


2 + 


118C 


CMPS 


Immed 


5 


4 


BB 


ADDA 






5 


3 


EC 


LDD 






5 + 


2 + 


1193 


CMPU 


Direct 


7 


3 


BC 


CMPX 






7 


3 


ED 


STD 






5 + 


2 + 


119C 


CMPS 


Direct 


7 


3 


BD 


JSR 






8 


a 


EE 


LDU 


\ 


> 


5 + 


2 + 


11A3 


CMPU 


Indexed 


7 + 


3 + 


BE 
BF 


LDX 
STX 






6 


3 


EF 


STU 


Indexed 


5 + 


2 + 


11AC 


CMPS 


Indexed 


7 + 


3 + 


txtenaea 


6 


3 


FO 
F1 


SUBB 
CMPB 


FvtpnHpH 


5 


3 


11B3 


CMPU 


Extended 


3 


4 














> 




5 


3 


1 1 BC 


CMPS 


Extended 


8 


4 














F2 


SBCB 






5 


3 


























F3 


ADDD 






7 


3 


























F4 




































F5 


BITB 






5 


3 


























F6 


LDB 






5 


3 


























F7 


STB 






5 


3 














NOTE 


All unused opcodes are both undefined 


F8 


EORB 






5 


3 
















and illegal 










F9 


ADCB 






5 


3 
























FA 


ORB 




< 


5 


3 


























FB 


ADDB 


Extended 


5 


3 


























FC 


LDD 


Extended 


6 


3 


























FD 


STD 






6 


3 


























FE 


LDU 




: 


6 


3 


























FF 


STU 


Extended 


6 


3 
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Instruction 



Forms 



Addressing Modes 



Immediate 



Op - 



Op 



Indexed 



Op 



Op - 



Op 



Description 



ABX 
ADC 



B + X-X (Unsigned) 



ADCA 
ADCB 



A+M+C-A 
B+M+C-B 



ADDA 
ADDS 
ADDD 



A+M-A 
B + M — B 
D+M M + 1-D 



ANDA 
ANDB 
ANDCC 



A A M-A 
B A M-B 
CC A IMM-CC 



ASLA 
ASLB 
ASL 



ASRA 
ASRB 
ASR 



BIT 

CLR 



BITA 
BITB 



Bit Tesi A IN! A A) 
Bit Test B IM A Bi 



CLRA 
CLRB 
CLR 



0-A 
0-B 
0-M 



CNIPA 
CMPB 
CMPD 

CMPS 

CMPU 

CMPX 
CMPY 



Compare M from A 
Compare M from B 
Compare M M + 1 from D 



Compare M M + 
Compare M M + 



Compare M M - 
Compare M M - 



from S 
from U 



from X 
from Y 



COMA 
COMB 
COM 



A- A 
B-B 
M-M 



22C 2 



CC A IMM-CC Wait for Interrupt 



Decimal Adjust A 



DECA 
DECB 
DEC 



A - 1 — A 
B - 1 — B 
M- 1-M 



EORA 
EORB 



A-V-M-A 
R1-R2 2 



EXG 
INC 



R1, R2 



INCA 
INCB 
INC 



A+ 1-A 
B+ 1-B 
M+ 1-M 



EA 3 -PC 



JSR 



Jump to Subroutine 



LDA 
LDB 
LDD 
LDS 

LDU 
LDX 
LDY 



M-A 
M-B 

M M + 1 — D 
M M + 1 — S 

M M + 1-U 
M M+ 1-X 
M M+ 1 — Y 



EA3-S 
EA3-U 
EA 3 -X 
EA 3 -Y 



LEAS 
LEAU 
LEAX 
LEAY 



LEGEND- 


M- 


Complement of M 


1 


Test and set if true, cleared otherwise 


OP Operation Code (Hexadecimal) 




Transfer Into 


• 


Not Affected 


Number of MPU Cycles 


H 


Half-carry (from bit 3) 


CC 


Condition Code Register 


# Number of Program Bytes 


N 


Negative (sign bit) 




Concatenation 


+ Arithmetic Plus 


Z 


Zero result 


V 


Logical or 


- Arithmetic Minus 


V 


Overflow, 2's complement 


A 


Logical and 


• Multiply 


c 


Carry from ALU 


¥ 


Logical Exclusive or 
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FIGURE 18 - PROGRAMMING AID (CONTINUED) 



Addressing Modes 



"Op 



"Bp 



Indexedl 



"5p" 



Op 



Op 



Description 



LSLA 
LSLB 
LSL 



CK 



>0 



LSRA 
LSRB 
LSR 



jjo->TT 



>0 



Ax B-D (Unsigned! 



NEGA 
NEGB 
NEG 



A + 1-A 
B_+ 1-B 
M + 1-M 



No Operation 



ORA 
ORB 
ORCC 



A V M-A 
B V M-B 
CC V IMM-CC 



PSHS 
PSHU 



5 + 4 



Push Registers on S Stack 
Push Registers on U Stack 



PULS 
PULU 



Pull Registers from S Stack 
Registers Irom U Stack 



ROLA 
ROLB 
ROL 



RORA 
RORB 
ROR 



c b 7 b 0 



Return From Interrupt 



RTS 
SBC~ 



Return from Subroutine 



SBCA 
SBCB 



-M-C-A 
•M-C-B 



SEX 
ST~" 



Sign Extend B into A 



STA 
STB 
STD 
STS 

STU 
STX 
STY 



A-M 
B-M 

D— M M + 1 
S-M M + 1 

U-M M + 1 
X-M M + 1 
Y-M M + 1 



SUBA 
SUBB 
SUBD 



A-M-A 
B-M-B 
D-M M + l-D 



SWP 
SWI26 

SWI36 



Software Interrupt 1 
Software Interrupt 2 



Software Interrupt 3 



Synchronize to Interrupt 



-R2 2 



TSTA 
TSTB 
TST 



OD 



6D 



6 + 



2 + 



7D 



Test A 
Test B 
Test M 



NOTES- 

1 . This column gives a base cycle and byte count. To obtain total count, add the values obtained from the INDEXED ADDRESSING MODE table, 
Table 2. 

2. R1 and R2 may be any pair of 8 bit or any pair of 16 bit registers. 

The 8 bit registers are: A, B, CC, DP 
The 16 bit registers are- X, Y, U, S, D, PC 

3. EA is the effective address. 

4 The PSH and PUL instructions require 5 cycles plus 1 cycle for each byte pushed or pulled. 

5 5(6) means: 5 cycles if branch not taken, 6 cycles if taken (Branch instructions). 

6. SWI sets I and F bits. SWI2 and SWI3 do not affect I and F. 

7. Conditions Codes set as a direct result of the instruction. 

8. Vaue of half-carry flag is undefined. 

9. Special Case - Carry set if b7 is SET. 
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FIGURE 18 - PROGRAMMING AID (CONTINUED) 



Branch Instructions 



3 







Addressing 




















Addressing 




















Mode 




















Mode 






















•latrve 




5 


3 


2 


1 


0 








R 


elatrve 




5 


3 


2 


1 


0 


Instruction 


Forms 


OP 


- 5 


1 


Description 


H 


N 


Z 


V 


c 




Instruction 


Forms 


OP 


- 5 


/ 


Description 


H 


N 


Z 


V 


C 


BCC 


BCC 


24 


3 


2 


Branch C = 0 














BLS 


BLS 


23 


3 


2 


Branch Lower 














LBCC 


10 


5(6) 


4 


Long Branch 
























or Same 
















24 






C = 0 
















LBLS 


10 


5(6) 


4 


Long Branch Lower 












BCS 


BCS 




3 


2 


Branch C= 1 


















23 






or Same 














LBCS 


VO 


5(6) 


4 


Long Branch 














BLT 


BLT 


2D 


3 


2 


Branch < Zero 
















25 






C = 1 
















LBLT 


io 


5i6) 


4 


Long Branch < Zero 












8EQ 


BEQ 


27 


3 


2 


Branch Z = 1 


















2D 




















LBEQ 


10 


5(6) 


4 


Long Branch 














BMI 


BMI 


2B 


3 


2 


Branch Minus 
















27 






Z=1 
















LBMI 


10 


5(61 


4 


Long Branch Minus 












BGE 


BGE 


2C 


3 


2 


Branch i Zero 


















2B 




















LBGE 


10 


516) 


4 


Long Branch a Zero 














BNE 


BNE 


26 


3 


2 


Branch Z = 0 
















2C 






















LBNE 


10 


5(61 


4 


Long Branch 












BGT 


BGT 


2E 


3 


2 


8ranch>Zero 


















26 






Z = 0 














LBGT 


10 


5(6) 


4 


Long Branch>Zero 














BPL 


BPL 


2A 


3 


2 


Branch Plus 
















2E 






















LBPL 


10 


5(6) 


4 


Long Branch Plus 












BHI 


BHI 


22 


3 


2 


Branch Higher 


















2A 




















LBHI 


10 


5(6) 


4 
















BRA 


BRA 


20 


3 


2 


Branch Always 
















22 






















LBRA 


16 


5 


3 


Long Branch Always 












BHS 


BHS 


24 


3 


2 


Branch Higher 














BRN 


BRN 


21 


3 


2 


Branch Never 






















or Same 
















LBRN 


10 


5 


4 


Long Branch Never 














LBHS 


10 


5(6) 


4 


Long Branch Higher 


















21 






















24 






or Same 














BSR 


BSR 


8D 


7 


2 


Branch to Subroutine 












BLE 


BLE 


2F 


3 


2 


Branch s Zero 
















LBSR 


17 


9 


3 


Long Branch to 














LBLE 


10 


5(6) 


4 


Long Branch s Zero 
























Subroutine 
















2F 




















BVC 


BVC 


28 


3 


2 


Branch V = 0 












BLO 


BLO 


25 


3 


2 


Branch lower 
















LBVC 


10 


5(61 


4 


Long Branch 














LBLO 


10 


5(6) 


4 


Long Branch Lower 


















28 






V = 0 
















25 




















BVS 


BVS 


29 


3 


2 


Branch V= 1 






































LBVS 


10 


5(6) 


4 


Long Branch 








































29 






V=1 













SIMPLE BRANCHES 





OP 




# 


SIMPLE CONDITIONAL BRANCHES (Notes 1-4) 


BRA 


20 


3 


2 


Test 


True 


OP 


False OP 


LBRA 


16 


5 


3 


N=1 


BMI 


2B 


BPL 2A 


BRN 


21 


3 


2 


Z=1 


BEQ 


27 


BNE 26 


LBRN 


1021 


5 


4 


V=1 


BVS 


29 


BVC 28 


BSR 


8D 


7 


2 


C=1 


BCS 


25 


BCC 24 


LBSR 


17 


9 


3 











SIGNED CONDITIONAL BRANCHES (Notes 1-4) 



Test 


True 


OP 


False 


OP 


r>m 


BGT 


2E 


BLE 


2F 


ram 


BGE 


2C 


BLT 


2D 


r=m 


BEQ 


27 


BNE 


26 


rsm 


BLE 


2F 


BGT 


2E 


r<m 


BLT 


2D 


BGE 


2C 



UNSIGNED CONDITIONAL BRANCHES (Notes 1-4) 



Test 


True 


OP 


False 


OP 


r>m 


BHI 


22 


BLS 


23 


ram 


BHS 


24 


BLO 


25 


r= m 


BEQ 


27 


BNE 


26 


rsm 


BLS 


23 


BHI 


22 


r<m 


BLO 


25 


BHS 


24 



NOTES: 

1. All conditional branches have both short and long variations. 

2. All short branches are 2 bytes and require 3 cycles. 

3. All conditional long branches are formed by prefixing the short branch opcode with $10 and using a 16-bit destination offset. 

4. All conditional long branches require 4 bytes and 6 cycles if the branch is taken or 5 cycles if the branch is not taken 

5. 5(6) means. 5 cycles if branch not taken, 6 cycles if taken. 
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INDEXED ADDRESSING MODES 







Nondirect 


Indirect 






Assembler 


Post- Byte 


+ 


+ 


Assembler 


Post-Byte 


+ 


+ 


Type 


Forms 


Form 


Opcode 




# 


Form 


Opcode 






Constant Offset From R 


No Offset 


, R 


1RR00100 


0 


0 


[, R] 


1RR10100 


3 


0 




5- Bit Offset 


n, R 


ORRnnnnn 


1 


0 


defaults to 8-bit 








8-Bit Offset 


n, R 


1RR01000 


1 


1 


[n, R] 


1RR11000 


4 


1 




16-Bit Offset 


n, R 


1RR01001 


4 


2 


[n, R] 


1RR11001 


7 


2 


Accumulator Offset From R 


A — Register Offset 


A, R 


1RR00110 


1 


0 


IA, R] 


1RR10110 


4 


0 




B- Register Offset 


B, R 


1RR00101 


1 


0 


IB. R] 


1RR10101 


4 


0 




D- Register Offset 


D. R 


1RR01011 


4 


0 


ID, R] 


1RR11011 


7 


0 


Auto Increment/ Decrement R 


Increment By 1 


. R + 


1RR00000 


2 


0 


no 


; allowed 








Increment By 2 


, R + + 


1RR00001 


3 


0 


[, R + +]|1RR10001 


6 


0 




Decrement By 1 


. -R 


1RR00010 


2 


0 


not allowed 








Decrement By 2 


. -R 


1RR00011 


3 


0 


I, -R] 


1RR10011 


6 


0 


Constant Offset From PC 


8-Bit Offset 


n, PCR 


1XX01100 


1 


1 


[n, PCR] 


1XX11100 


4 


1 




16-Bit Offset 


n, PCR 


1XX01101 


5 


2 


[n, PCR] 


1XX11101 


8 


2 


Extended Indirect 


16-Bit Address 










In] 


1O011111 


5 


2 



R = X, Y, U. or S 
X= Don't Care 



INDEXED ADDRESSING POSTBYTE 
REGISTER BIT ASSIGNMENTS 



Post-Byte Register Bit 


Indexed 
Addressing 
Mode 


7 


6 


5 


4 


3 


2 


1 


0 


0 


R 


R 


X 


X 


X 


X 


X 


EA = , R + 5 Bit Offset 


1 


R 


R 


0 


0 


0 


0 


0 


, R + 


1 


R 


R 


I 


0 


0 


0 


1 


, R + + 


1 


R 


R 


0 


0 


0 


1 


0 


,- R 


1 


R 


R 




0 


0 


1 


1 


, -- R 


1 


R 


R 




0 


1 


0 


0 


EA = , R + 0 Offset 


1 


R 


R 




0 


1 


0 


1 


EA = , R + ACCB Offset 


1 


R 


R 




0 


1 


1 


0 


EA = , R + ACCA Offset 


1 


R 


R 




1 


0 


0 


0 


EA = , R+ 8-Bit Offset 


1 


R 


R 




1 


0 


0 


1 


EA = , R + 16- Bit Offset 


1 


R 


R 




1 


0 


1 


1 


EA = , R + D Offset 


1 


X 


X 




1 


1 


0 


0 


EA = , PC + 8-Bit Offset 


1 


X 


X 




1 


1 


0 


1 


EA = , PC + 16-Bit Offset 


1 


R 


R 


1 


1 


1 


1 


1 


EA = [, Address] 




X = Don't Care 



Addressing Mode Field 

Indirect Field 

(Sign bit when D7 = 0) 

Register Field RR 
00 = X 
01 = Y 

10 = U 

11 = s 



RR 00=X 
01 = Y 



10=U 

11 = s 



6 809 PROGRAMMING M ODEL 

X - Index Register I \ 



Y - Index Register 



U - User Stack 



Hardware Stack 



PC 



D 



y 



33s 



^Pointer Register 



Program Counter 
Accumulators 



Direct Page Register 
CC- Condition Code 

Carry-Borrow 
Overflow 
Zero 
Negative 

IRQ Interrupt Mask 
Half Carry 
Fast Interrupt Mask 
Entire State on Stack 
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Push/ Pull Post Byte 



Transfer/Exchange Post Byte 



Source 



I Destination 
! 1 1 L. 




Register Field 
0000= D (A-B) 
0001 = X 
0010= Y 
0011 = U 
0100= S 



0101 = PC 
1000=A 
1001 = B 
1010= CCR 
1011 = DPR 





6809 Stacking Order 




Pull Order 


CCR 


I 

T 


A 


CC 


B 


A 


DPR 


B 


X 


DP 


Y 


X Hi 


S/U 


X Lo 


PC 


Y HI 




Y Lo 




U/S Hi 




U/S Lo 




PC Hi 




PC Lo 




♦ 




Push Order 




\ 




Increasing Memory 



6809 Vectors 
FFFE Restart 
FFFC NMI 
FFFA SWI 
FFF8 IRQ 
FFF6 FIRQ 
FFF4 SW12 
FFF2 SW13 
FFF0 Reserved 



ORDERING INFORMATION 



Package Type 


Frequency 


Temperature Range 


Order Number 


Plastic 


1.0 MHz 


0°C to 70°C 


MC6809EP 


P Suffix 


1.0 MHz 


-40°C to 85°C 


MC6809ECP 




1.5 MHz 


0°C to 70°C 


MC68A09EP 




1.5 MHz 


-40°C to 85°C 


MC68A09ECP 




2.0 MHz 


0°C to 70°C 


MC68B09EP 




2.0 MHz 


-40°C to 85°C 


MC68B09ECP 


Cerdip 


1.0 MHz 


0°C to 70°C 


MC6809ES 


S Suffix 


1.0 MHz 


-40X to 85°C 


MC6809ECS 




1.5 MHz 


0°C to 70°C 


MC68A09ES 




1.5 MHz 


-40°C to 85°C 


MC68A09ECS 




2.0 MHz 


OX to 70°C 


MC68B09ES 




2.0 MHz 


-40°C to 85°C 


MC68B09CS 
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PIN ASSIGNMENT 
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■■ SEMICONDUCTOR 



TECHNICAL DATA 



MCM6810 



128 x 8-Bit Random-Access Memory 



The MCM6810 is a byte-organized memory designed for use in bus-organized systems. It is fabri- 
cated with N-channel silicon-gate technology. For ease of use, the device operates from a single 
power supply, has compatibility with TTL and DTL, and needs no clocks or refreshing because of 
static operation. 

The memory is compatible with the M6800 Microcontroller Family, providing random storage in 
byte increments. Memory expansion is provided through multiple Chip Select inputs. 

• Organized as 128 Bytes of 8 Bits 

• Static Operation 

• Bidirectional Three-State Data Input/Output 

• Six Chip Select Inputs (Four Active Low, Two Active High) 

• Single 5-Vol Power Supply 

• TTL Compatible 

• Maximum Access Time = 450 ns — MCM6810 




360 ns — MCM68A10 
250 ns — MCM68B10 



This document contains information on a new product. Specifications and information herein are subject to change without notice: 
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MCM6810 RANDOM ACCESS MEMORY 
BLOCK DIAGRAM 



M6800 MICROCOMPUTER FAMILY 
BLOCK DIAGRAM 



Memory 
Matrix 
(128 X 8) 



Selection 
and Control 



Memory Address 
and Control 





Data 




Buffers 



MC6800 
Microprocessor 



Address Data 



Read Only 
Memory 



Interface 
Adapter 



Interface 
Adapter 



MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


v C c 


-0 3 to +7 0 


V 


Input Voltage 


V,n 


-0 3 to + 7 0 


V 


Operating Temperature Range 

MCM6810, MCM68A10. MCM68B10 
MCM6810C, MCM68A10C 


T A 


T L to T H 
0 to +70 
-40 to +85 


°c 


Storage Temperature Range 


T stg 


-65 to + 150 


°c 



THERMAL CHARACTERISTICS 



Characteristic 


Symbol 


Value 


Unit 


Thermal Resistance 


ejA 




°C/W 


Plastic 




120 




Cerdip 




65 





This device contains circuitry to protect the in- 
puts against damage due to high static voltages 
or electric fields, however, it is advised that nor- 
mal precautions be taken to avoid application ol 
any voltage higher than maximum rated voltages 
to this high impedance circuit Reliability of 
operation is enhanced if unused inputs are tied to 
an appropriate logic voltage (e g , either V$s or 

VcC 



POWER CONSIDERATIONS 

The average chip-junction temperature, Tj, in °C can be obtained from: 

Tj=t a +<Pd-«ja> 



where: 




T A 


= Ambient Temperature, °C 


9JA 


= Package Thermal Resistance, 


Junction-to-Ambient, °C/W 


Pd 


= P|NT +p P0RT 


Pint 


= 'CC X ^CC' Watts — Chip Internal Power 


p port 


= Port Power Dissipation, Watts — User Determined 



For most applications PpORT <p INT and can be neglected. PpORT ma Y become significant if the device is configured 
to drive Darlington bases or sink LED loads. 
An approximate relationship between Pq and Tj (if PpoRT ' s neglected) is: 

Pd= k -< t j +273 ° c > (2) 

Solving equations (1) and (2) for K gives^ = p^ . (t^ + 273°C) + 6ja , Pd 2 < 3 > 
where K is a constant pertaining to the particular part. K can be determined from equation (3) by measuring Pq (at 
equilibrium) for a known T A . Using this value of K, the values of Pq and Tj can be obtained by solving equations 
(1) and (2) iteratively for any value of T A 
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AO 
A1 
A2 
A3 
A4 
A5 
A6 
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CS3 
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Address 
Decode 
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DC ELECTRICAL CHARACTERISTICS (V cc = 5 0 Vdc ±5%, Vss = 0, T A =T L to T H unless otherwise noted) 




Characteristic 


Symbol 


Mm 


Max 


Unit 


Input High Voltage 


V|H 


Vss + 20 


vcc 


V 


Input Low Voltage 


V|L 


Vss-0 3 


Vss+08 


V 


Input Current (A n , R/W, CS n ) (V in = 0 to 5 25 V) 


'in 




2 5 


„A 


Output High Voltage doH= -205 ^A) 


V 0 H 


2 4 




V 


Output Low Voltage HoL= 1 6 mA) 


VOL 




04 


V 


Output Leakage Current IThree-State) (CS = 0 8 V or CS = 2 0 V, V out = 0 4 V to 2 4 V) 


•tsi 




10 


„A 


Supply Current - f 1 0 MHz 
(V r .n = 5 25 V, All Other Pins Grounded) 1 5, 2 0 MHz 


'CC 




80 
100 


mA 


Input Capacitance IA n , R/W, CS n , CS n ) IV in = 0, T A = 25°C, f= 1 0 MHz) 


Cm 




7 5 


pF 


Output Capacitance (D n ) (V ou , = 0, Ta = 25°C, f= 1 0 MHz, CSO = 0) 


0 O ut 




12 5 


PF 



AC TEST LOAD 



Test Point » 



130 pF' 7^. > 11 7 Ml 



5 0V 

MMD6150 | R|_ = 2 5 ktl 
or Equiv 



11 MMD7000 
IT or Equiv 




"Includes Jig Capacitance 



AC OPERATING CONDITIONS AND CHARACTERISTICS 

READ CYCLE (V cc = 5.0 V ± 5%, V ss = 0, T A = T L to Th unless otherwise noted.) 



Characteristic 


Symbol 


MCM6810 


MCM68A10 


MCM68B10 


Unit 


Min 


Max 


Mm 


Max 


Min 


Max 


Read Cycle Time 


l cyc(R) 


450 




360 




250 




ns 


Access Time 


l acc 




450 




360 




250 


ns 


Address Setup Time 


tAS 


20 




20 




20 




ns 


Address Hold Time 


«AH 


0 




0- 




0 




ns 


Data Delay Time (Read) 


'DDR 




230 




220 




180 


ns 


Read to Select Delay Time 


'RCS 


O 




0 




0 




ns 


Data Hold from Address 


«DHA 


10 




10 




10 




ns 


Output Hold Time 


tH 


10 




10 




10 




ns 


Data Hold from Read 


l DHR 


10 


80 


10 


60 


10 


60 


ns 


Read Hold from Chip Select 


«RH 


0 




0 




0 




ns 



MOTOROLA MICROPROCESSOR DATA 
3-1434 




MC6810 
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x 



READ CYCLE TIMING 

l cvc(R) 



-'DDR " 



x 



x 



X 



•— *DH A" 

-«DHR 

t H 



NOTES 

1 Voltage levels shown are Vl<0 4 V, Vh^2 4 V, unless otherwise specified 

2 Measurement points shown are 0 8 V and 2 0 V, unless otherwise specified 

3 CS and CS have same timing 



WRITE CYCLE (V cc = 5.0 V ±5%, V ss = 0. T A = T L to T H unless otherwise noted.) 



( Characteristic 


Symbol 


MCM6810 


MCM68A10 


MCM68B10 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


Write Cycle Time 


*cyc(WI 


450 




360 




250 




ns 


Address Setup Time 


*AS 


20 




20 




20 




ns 


Address Hold Time 


*AH 


0 




0 




0 




ns 


Chip Select Pulse Width 


*CS 


300 




250 




210 




ns 


Write to Chip Select Delay Time 


l WCS 


0 




0 




0 




ns 


Data Setup Time (Write) 


l DSW 


190 




80 




60 




ns 


Input Hold Time 


»H 


10 




10 




10 




ns 


Write Hold Time from Chip Select 


«WH 


0 




0 




0 




ns 
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whereupon Motorola shall determine availability and suitability of its product or products for the use intended. Motorola and (g) are registered 
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~» w/////////mmw . 



x 



V//////////////////, 



Data In Stable 



NOTES 

1 Voltage levels shown are V[_sO 4 V, Vhs2 4 V, unless otherwise specified 

2 Measurement points shown are 0 8 V and 2.0 V, unless otherwise specified 

3 CS and CS have same timing 
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Package Type 


Frequency (MHz) 


Temperature 


Order Number 


Plastic 


1.0 


OX to 70X 


MCM6810P 


P Suffix 


1.0 


-40X to 85°C 


MCM6810CP 




1.5 


OX to 70X 


MCM68A10P 




1.5 


-40X to 85X 


MCM68A10CP 




2.0 


OX to 70X 


MCM68B10P 


Cerdip 


1 0 


OX to 70X 


MCM6810S 


S Suffix 


1.0 


-40X to 85X 


MCM6810CS 




1.5 


OX to 70X 


MCM68A10S 




1.5 


-40X to 85X 


MCM68A10CS 




2.0 


OX to 70X 


MCM68B10S 



PIN ASSIGNMENTS 
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Technical Summary 

8-Bit Microcontroller Unit 



The MC68HC11A0 high density CMOS (HCMOS) microcontroller unit (MCU) contains highly so- 
phisticated on-chip peripheral capabilities. This high-speed and low-power MCU has a nominal bus 
speed of two megahertz, and the fully static design allows operations at frequencies down to dc. 
This publication contains condensed information on the MCU; for detailed information, refer to Ad- 
vance Information Manual, HCMOS Single-Chip Microcontroller (MC68HC11A8/D), M68HC11 HCMOS 
Single-Chip Microcontroller Programmer's Reference Manual (M68HC11RM/AD) or contact your lo- 
cal Motorola sales office. 

Refer to the block diagram for the hardware features and to the list below for additional features 
available on the MCU. 

o Enhanced 16-Bit Timer System with Four-Stage Programmable Prescaler 

• Power Saving STOP and WAIT Modes 

• Serial Peripheral Interface (SPI) 

• Enhanced NRZ Serial Communications Interface (SCI) 

• 8-Bit Pulse Accumulator Circuit 

• Bit Test and Branch Instructions 

• Real-Time Interrupt Circuit 
© 256 Bytes of Static RAM 

• Eight-Channel 8-Bit A/D Converter 
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This document contains information on a new product Specifications and information herein are subject to change without notice. 
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OPERATING MODES 

The MCU uses two dedicated pins (MODA and MODB) 
to select one of two basic operating modes or one of two 
special operating modes. The basic operating modes are 
single-chip and expanded-multiplexed; the special op- 
erating modes are bootstrap and special test. The follow- 
ing paragrphs describe the different modes. 

SINGLE-CHIP MODE 

In this mode, the MCU functions as a self-contained 
microcontroller and has no external address or data bus. 
This mode provides maximum use of the pins for on- 
chip peripheral functions, and all address and data activ- 
ity occur within the MCU. This mode would not normally 
be used on the MC68HC1 1 AO, because of no internal ROM. 

EXPANDED MULTIPLEXED MODE 

In this mode, the MCU can address up to 64K bytes of 
address space. Higher-order address bits are output on 
the port B pins, and lower-order address bits and the data 
bus are mutliplexed on the port C pins. The AS pin pro- 
vides the control output used in_demultiplexing the low- 
order address at port C. The R/W pin is used to control 
the direction of data transfer on port C bus. 

BOOTSTRAP MODE 

In this mode, all vectors are fetched from the 192-byte 
on-chip bootloader ROM. This mode is very versatile and 
can be used for such functions as test and diagnostics 
on completed modules and for programming the 
EEPROM. The serial receive logic is initialized by software 
in the bootloader ROM, which provides program control 
for the serial communications interface (SCI) baud and 
word format. In this mode, a special control bit is con- 
figured that allows for self-testing of the MCU. This mode 
can be changed to other modes under program control. 

TEST MODE 

This mode is primarily intended for main production 
at time of manufacture; however, it may be used to pro- 
gram calibration or personality data into the internal EE- 
PROM. In this mode, a special control bit is configured 
to permit access to a number of special test control bits. 
This mode can be changed to other modes under pro- 
gram control. 



SIGNAL DESCRIPTION 

Vqd AND Vss 

Power is supplied to the microcontroller using these 
two pins. Vdd is +5 volts (±0.5V) power, and Vss ' s 
ground. 



RESET 

This active low bidirectional control pin is used as an 
input to initialize the MCU to a known startup state and 
as an open-drain output to indicate that an internal failure 



has been detected in either the clock monitor or the com- 
puter operating properly (COP) circuit. 

XTAL, EXTAL 

These pins provide the interface for either a crystal or 
a CMOS-compatible clock to control the internal clock 
generator circuitry. The frequency applied shall be four 
times higher than the desired clock rate. Refer to Figure 
1 for crystal and clock connections. 

E 

This pin provides an output for the internally generated 
E clock, which can be used for timing reference. The fre- 
quency of the E output is one-fourth that of the input 
frequency at the XTAL and EXTAL pins. 

IRQ 

This pin provides the capability for asynchronously ap- 
plying interrupts to the MCU. Either negative edge-sen- 
sitive or level-sensitive triggering is program selectable. 
This pin is configured to level sensitive during reset. An 
external resistor connected to Vqd ' s required on IRQ. 

XIRQ 

This pin provides the capability for asynchronously ap- 
plying non-maskable interrupts to the MCU after a power- 
on reset (POR). During reset, the X bit in the condition 
code register is set, and any interrupt is masked until 
enabled by software. This input is level-sensitive and re- 
quires an extenal pullup resistor to Vdd- 

MODA/Or AND MODB/V s tby 

During reset, these pins are used to control the two 
basic operating modes and the two special operating 
modes. The LIR output can be used as an aid in debug- 
ging once reset is completed. The open-drain LIR pin goes 
to an active low during the first E-clock cycle of each 
instruction and remains low for the duration of that cycle. 
The mode selections are shown below. 



MODB 


MODA 


MODE SELECTED 


1 


0 


Single Chip* 


1 


1 


Expanded Multiplexed 


0 


0 


Special Bootstrap 


0 


1 


Special Test 



*This mode not useable due to no internal ROM. 



Vrl and Vrh 

These pins provide the reference voltage for the A/D 
converter. 

R/W/STRB 

This pin provides two different functions, depending 
on the operating mode. In single-chip mode, the pin pro- 
vides STRB (output strobe) function; in the expanded- 
multiplexed mode, it provides R/W (read-write) function. 
The R/W is used to control the direction of transfers on 
the external data bus. 
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MCU 



EXTAL 



XTAL 



V 



25pF' 



10M- 



4xE 
CRYSTAL 



X 

25pF* 

-A — \\— 



Common Crystal Connections 



FIRST MCU 



EXTAL 



XTAL 



V 



25pF * 



10M • 



4xE 
CRYSTAL 



25pF ' 



V 



MCU 



EXTAL 



XTAL 



V 



4xE 

CMOS COMPATIBLE 
EXTERNAL OSCILLATOR 



- NC.OR 
10K-100K 
LOAD 



1 



External Oscillator Connections 



SECOND MCU 



-*Ar- 

220 



f- NC.OR 
10K - 100K 
LOAD 



EXTAL 



XTAL 



*This value includes all stray capacitances. 

One Crystal Driving Two MCUs 



Figure 1. Oscillator Collections 



AS/STRA 

This pin provides two different functions depending on 
the operating mode. In single-chip mode, the pin pro- 
vides STRA (input strobe) function, and in the expanded- 
multiplexed mode, it provides AS (address strobe) func- 
tion. The AS may be used to demultiplex the address and 
data signals at port C. 

INPUT/OUTPUT LINES (PA0-PA7, PB0-PB7, PC0-PC7, 
PD0-PD5, PE0-PE7) 

These I/O lines are arranged into four 8-bit ports (A, B, 
C, and E) and one 6-bit port (D). All ports serve more than 
one purpose depending on the operating mode. Table 1 
lists a summary of the pin functions to operating modes. 
Refer to INPUT/OUTPUT PORTS for additional informa- 
tion. 



INPUT/OUTPUT PORTS 

Port functions are controlled by the particular mode 
selected. In the single-chip mode and bootstrap mode, 
four ports are configured as parallel I/O data ports and 
port E can be used for general-purpose static inputs and/ 
or analog-to-digital converter channel inputs. In the ex- 
pandedjTiultiplexed mode and test mode, ports B, C, AS, 
and R/W are configured as a memory expansion bus. 
Table 1 lists the different port signals available. The fol- 
lowing paragraphs describe each port. 



PORTA 

In all operating modes, port A may be configured for 
three input capture functions; four output compare func- 
tions; and pulse accumulator input (PAI) or a fifth output 
compare function. Each input capture pin provides for a 
transitional input, which is used to latch a timer value 
into the 16-bit input capture register. External devices 
provide the transitional inputs, and internal decoders de- 
termine which input transition edge is sensed. The output 
compare pins provide an output whenever a match is 
made between the value in the free-running counter (in 
the timer system) and a value loaded into the particular 
16-bit output compare register. When port A bit 7 is con- 
figured as a PAI, the external input pulses are applied to 
the pulse accumulator system. The remaining port A lines 
may be used as general-purpose input or output lines. 

PORT B 

In the single-chip mode, all port B pins are general- 
purpose output pins. Port B may also be used in a simple 
strobed output mode where the STRB pulses each time 
port B is written. In the expanded-multiplexed mode, all 
of the port B pins act as high-order (bits 8-15) address 
output pins. 

PORTC 

In the single-chip mode, port C pins are general-pur- 
pose input/output pins. Port C inputs can be latched by 
the STRA or may be used in full handshake modes of 
parallel I/O where the STRA input and STRB output acts 



MOTOROLA MICROPROCESSOR DATA 



MC68HC11A0 



Table 1. Port Signal Functions 







Expanded- 






Multiplexed 




Single-Chip 


and 


Port-Bit 


and Bootstrap Mode 


Special Test Mode 


A-0 


PA0/IC3 


PA0/IC3 


A-1 


PA1/IC2 


PA1/IC2 


A-2 


PA2/IC1 


PA2/IC1 


A-3 


PA3/OC5/and-or 0C1 


PA3/OC5/and-or OC1 


A-4 


PA4/OC4/and-or OC1 


PA4/OC4/and-or OC1 


A-5 


PA5/OC3/and-or OC1 


PA5/OC3/and-or OC1 


A-6 


PA6/OC2/and-or 0C1 


PA6/OC2/and-or OC1 


A-7 


PA7/PAI/and-or 0C1 


PA7/PAI/and-or OC1 


B-0 


PBO 


A8 


B-1 


PB1 


A9 


B-2 


PB2 


A10 


B-3 


PB3 


A11 


B-4 


PB4 


A12 


B-5 


PB5 


A13 


B-6 


PB6 


A14 


B-7 


PB7 


A15 


C-0 


PCO 


AO/DO 


C-1 


PC1 


A1/D1 


C-2 


PC2 


A2/D2 


C-3 


PC3 


A3/D3 


C-4 


PC4 


A4/D4 


C-5 


PC5 


A5/D5 


C-6 


PC6 


A6/D6 


C-7 


PC7 


A7/D7 


D-0 


PDO/RxD 


PDO/RxD 


D-1 


PDI/TxD 


PD1/TxD 


D-2 


PD2/MISO 


PD2/MISO 


D-3 


PD3/MOSI 


PD3/MOSI 


D-4 


PD4/SCK 


PD4/SCK 


D-5 


PD5/SS 


PD5SS 




STRA 


AS 




STRB 


R/W 


E-0 


PEO/ANO 


PEO/ANO 


E-1 


PE1/AN1 


PE1/AN1 


E-2 


PE2/AN2 


PE2/AN2 


E-3 


PE3/AN3 


PE3/AN3 


E-4 


PE4/AN4## 


PE4/AN4## 


E-5 


PE5/AN5## 


PE5/AN5## 


E-6 


PE6/AN6## 


PE6/AN6## 


E-7 


PE7/AN7## 


PE7/AN7## 



##Not Bonded in 48-Pin Versions 



as handshake control lines. In the expanded-multiplexed 
mode, port C pins are configured as multiplexed address/ 
data pins. During the address cycle, bits 0 through 7 of 
the address are output on PC0-PC7; during the data cycle, 
bits 0 through 7 (PC0-PC7) are bidirectional data pins 
controlled by the R/W signal. 

PORT D 

In all modes, port D bits 0-5 may be used for general- 
purpose I/O or with the serial communications interface 
(SCI) and serial peripheral interface (SPI) subsystems. Bit 
0 is the receive data input, and bit 1 is the transmit data 
output for the SCI. Bits 2 through 5 are used by the SPI 
subsystem. 



PORTE 

Port E is used for general-purpose static inputs and/or 
analog-to-digital channel inputs in all operating modes. 
Port E should not be read as static inputs while an AID 
conversion is actually taking place. 

MEMORY 

The memory maps for each mode of operation, a sin- 
gle-chip, expanded-multiplexed, special boot, and special 
test is shown in Figure 2. In the single-chip mode, the 
MCU does not generate external addresses. The internal 
memory locations are shown in the shaded areas, and 
the contents of the shaded areas are shown on the right 
side of the diagram. In the expanded-multiplexed mode, 
the memory locations are basically the same as the sin- 
gle-chip, except the memory locations between the shaded 
areas (EXT) are for externally addressed memory and 1/ 
0. The special bootstrap mode is similar to the single- 
chip mode, except the bootstrap program ROM is located 
at memory locations $BF40 through $BFFF. The special 
test mode is similar to the expanded-multiplexed mode, 
except the interrupt vectors are at external memory lo- 
cations. 



REGISTERS 

The MCU contains the registers described in the fol- 
lowing paragraphs. 

ACCUMULATOR A AND B 

These accumulators are general-purpose 8-bit registers 
used to hold operands and results of arithmetic calcu- 
lations or data manipulations. These two accumulators 
are treated as a single, double-byte accumulator called 
the D accumulator for some instructions. 



7 


A 


0 


7 


B 


0 


15 






D 




0 



INDEX REGISTER X (IX) 

This index register is a 16-bit register used for the in- 
dexed addressing mode. It provides a 16-bit value that 
may be added to an 8-bit offset provided in an instruction 
to create an effective address. The index register may 
also be used either as a counter or a temporary storage 
area. 



15 



IX 



INDEX REGISTER Y (IY) 

This index register is an 16-bit register used for the 
indexed addressing mode similar to the IX register; how- 
ever, most instructions using the IY register are two-byte 
opcodes and require an extra byte of machine code and 
an extra cycle of execution time. The index register may 
also be used as a counter or a temporary storage area. 



15 



IY 
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$0000 



$1000 



xmV///// 



EXT 



EXT 



V7m 



EXT 

♦ 



EXT 



0000 
00FF 



1000 
103F 



BF40 



BFFF 



256 BYTE RAM 

(MAY BE REMAPPED TO ANY 
4K PAGE BY THE INIT REGISTER) 



64 BYTE REGISTER BLOCK 
(MAY BE REMAPPED BY ANY 
4K PAGE BY THE INIT REGISTER) 



BOOT 
ROM 





FFCO 




FFFF 



SINGLE CHIP EXPANDED MUX SPECIAL SPECIAL 
BOOTSTRAP TEST 

NOTE: 

*Either or both the internal RAM and registers can be remapped to any 4K boundary by software. 



NORMAL 

INTERRUPT 

VECTORS 



BFC0 



BFFF 



SPECIAL 
MODES 
INTERRUPT 
VECTORS 



$1000 
$1001 
$1002 
$1003 
$1004 
$1005 
$1006 
$1007 
$1008 
$1009 
$100A 
$100B 
$100C 



Bit 7 



Bit 7 



STAF 



Bit 7 



Bit 7 



Bit 7 



Bit 7 



Bit 7 



FOCI 



0C1M7 



Bit 6 



Bit 5 



Bit 4 



Bit 3 



Bit 2 



STAI 



F0C2 



0C1M6 



CWOM 



Bit 5 



F0C3 



0C1M5 



HNDS 



F0C4 



0C1M4 



OIN 



FOC5 



OC1M3 



PLS 



Bit 1 



EGA 



BitO 



BitO | PORTA I/O Port A 
Reserved 



INVB PIOC Parallel I/O Control Register 



BitO PORTC I/O PortC 



BitO PORTB Output Port B 



BitO | PDRTCL Alternate Latched Port C 
Reserved 



BitO DDRC Data Direction for Port C 



BitO PORTD I/O Port D 



BitO DDRD Data Direction for Port D 



BitO | PORTE Input Port E 

[ CFORC Compare Force Register 
|0C1M OC1 Action Mask Register 



Figure 2. Memory Map (Sheet 1 of 3) 
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Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 
$100D | 0C1D7 | 0C1D6 | 0C1D5 | 0C1D4 | 0C1D3 | 



Bit 1 



$1020 
$1021 
$1022 
$1023 
$1024 
$1025 
$1026 
$1027 
$1028 
$1029 
$102A 
$102B 



OM2 



EDG4B 



OC1I 



OC1F 



TOI 



TOF 



DDRA7 



Bit 7 



SPIE 



SPIF 



Bit 7 



TCLR 



0L2 



EDG4A 



0C2I 



0C2F 



RTII 



RTIF 



PAEN 



SPE 



WCOL 



0M3 



EDG1B 



0C3I 



0C3F 



PAOVI 



PAOVF 



PAMOD 



OWOM 



SCP1 



0L3 



EDG1A 



0C4I 



0C4F 



PAN 



PAIF 



PEDGE 



MSTR 



MODF 



SCPO 



0M4 



EDG2B 



14051 



I405F 



DDRA3 



CPOL 



0L4 



EDG2A 



IC1I 



IC1F 



14/05 



CPHA 



0M5 



EDG3B 



IC2I 



IC2F 



PR1 



RTR1 



SPR1 



BitO 



$100E 


Bit 15 














Bit 8 


$100F 


Bit 7 














BitO 



RCKB SCR2 SCR1 SCRO 



0L5 



$1010 


Bit 15 














Bit 8 


$1011 


Bit 7 














BitO 



$1012 


Bit 15 














Bit 8 


$1013 


Bit 7 














BitO 



$1014 


Bit 15 














Bit 8 


$1015 


Bit 7 














BitO 



$1016 


Bit 15 














Bit 8 


$1017 


Bit 7 














BitO 



$1018 


Bit 15 














Bit 8 


$1019 


Bit 7 














BitO 



S101A 


Bit 15 














Bit 8 


$101B 


Bit 7 














BitO 



$101C 


Bit 15 














Bit 8 


$101D 


Bit 7 














BitO 



0C1D 0C1 Action Data Register 

TCNT Timer Counter Register 

TIC1 Input Capture 1 Register 

TIC2 Input Capture 2 Register 

TIC3 Input Capture 3 Register 

T0C1 Output Compare 1 Register 

T0C2 Output Compare 2 Register 

T0C3 Output Compare 3 Register 

T0C4 Output Compare 4 Register 



$101E 


Bit 15 














Bit 8 


$101F 


Bit 7 














Bit 0 



TI405 Output Compare 5 Register/ 
Input Capture 4 Register 



EDG3A 



IC3I 



IC3F 



PRO 



RTRO 



BitO 



SPRO 



BitO 



TCTL1 Timer Control Register 1 

1TCTL2 Timer Control Register 2 

JtMSKI Timer Interrupt Mask Reg. 1 

JtFLGI Timer Interrupt Flag Reg 1 

JTMSK2 Timer Interrupt Mask Reg 2 

JTFLG2 Timer Interrupt Flag Reg. 2 

JPACTL Pulse Accum Control Reg 

JpACNT Pulse Accum Count Reg. 

IsPCR SPI Control Register 

JSPSR SPI Status Register 

JSPDR SPI Data Register 

J BAUD SCI Baud Rate Control 
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Bit 7 



Bite 



Bit 5 



Bit 4 



Bit 3 



Bit 2 



Bit 1 



Bit 0 



TIE 



TDRE 



Bit 7 



CCF 



Bit 7 



Bit 7 



Bit 7 



Bit 7 



ADPU 



Bit 7 



RBOOT 



RAM3 



TILOP 



T8 



TCIE 



TC 



CSEL 



SMOD 



RAM2 



RIE 



RDRF 



SCAN 



IRQE 



MDA 



OCCR 



ILIE 



IDLE 



MULT 



PTCON 



DLY 



IRV 



RAMO 



CBYP 



WAKE 



TE 



OR 



CD 



BPRT3 



CME 



PSEL3 



REG3 



DISR 



RE 



NF 



CC 



BPRT2 



PSEL2 



REG2 



FCM 



NOSEC NOCOP ROMON EEON 



RWU 



CB 



BPRT1 



CR1 



PSEL1 



REG1 



FCOP 



SBK 



BitO 



CA 



BitO 



BitO 



BitO 



BitO 



BPRTO 



CRO 



BitO 



PSELO 



REGO 



TCON 



SCCR1 SCI Control Register 1 

SCCR2 SCI Control Register 2 

SCSR SCI Status Register 

SCDR SCI Data (Read RDR, Write TDR) 

ADCTL A/D Control Register 

ADR1 A/D Result Register 1 

ADR2 A/D Result Register 2 

ADR3 A/D Result Register 3 

ADR4 A/D Result Register 4 

BPROT EEPROM Block Protect Reg. 

Reserved 

OPTION System Configuration Options 

COPRST Arm/Reset COP Timer Circuitry 

PPROG EEPROM Prog.Control Reg. 

HPRIO Highest Priority 1-Bit Int and Misc 

INIT RAM and I/O Mapping Reg. 

TEST1 Factory TEST Control Register 

CONFIG COP, ROM, and EEPROM Enables 



Figure 2. Memory Map (Sheet 3 of 3) 



PROGRAM COUNTER (PC) 

The program counter is a 16-bit register that contains 
the address of the next byte to be fetched. 



15 



PC 



STACK POINTER (SP) 

The stack pointer is a 16-bit register that contains the 
address of the next free location on the stack. The stack 
is configured as a sequence of last-in-first-out read/write 
registers, which allow important data to be stored during 
interrupts and subroutine calls. Each time a new byte is 
added to the stack, the SP is decremented; each time a 
byte is removed, the SP is incremented. The address con- 
tained in the SP also indicates the location at which the 



accumulators A and B and registers IX and IY can be 
stored during certain instructions. 
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SP 



CONDITION CODE REGISTER (CCR) 

The condition code register is an 8-bit register in which 
each bit is used to indicate the results of the instruction 
just executed. These bits can be individually tested by a 
program, and specific actions can be taken as a result of 
their state. Each bit is explained in the following para- 
graphs. 

7 0 



S 


X 


H 




N 


Z 


V 


c 
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Carry/Borrow (C) 

When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during 
shift and rotate instructions. 

Overflow (V) 

The overflow bit is set if an arithmetic overflow oc- 
curred as a result of the operation; otherwise, the V bit 
is cleared. 

Zero (Z) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 

Negative (N) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative 
(the MSB of the result is a logic one). 

Interrupt (I) 

This bit is set either by hardware or program instruction 
to disable (mask) all maskable interrupt sources (both 
external and internal). 

Half Carry (H) 

This bit is set during ADD, ABA, and ADC operations 
to indicate that a carry occurred between bits 3 and 4. 
This bit is mainly useful in BCD calculations. 

X Interrupt Mask (X) 

This mask bit is set only by hardware (reset or XIRQ) 
and is cleared only by program instruction (TAP or RTI). 

Stop Disable (S) 

This bit, under program control, is set to disable the 
STOP instruction, and is cleared to enable the STOP in- 
struction. The STOP instruction is treated as no operation 
(NOP) if the S bit is set. 



RESETS 

The MCU c an be reset four ways: 1) an active low input 
to the RESET pin; 2) a power-on reset function; 3) a com- 
puter operating properly (COP) watchdog-timer timeout; 



and 4) a clock monitor failure. The RESET in put con sists 
mainly of a Schmitt trigger that senses the RESET line 
logic level. 

RESET PIN 



To request an external reset, the RESET pin must be 
held low for eight E cvc (two E cvc if no distinction is needed 
between internal and external resets). To prevent the 
EEPROM contents from being corrupted during power 
transitions, the reset line should be held low while Vqd 
is below its minimum operating level. A low voltage in- 
hibit (LVI) circuit is required to protect EEPROM from 
corruption as shown in Figure 3. 

POWER-ON RESET (POR) 

Power-on reset occurs when a positive transition is 
detected on VdD- The power-on reset is used strictly for 
power turn-on conditions and should not be used to de- 
tect an y drop in the power supply voltage. If the external 
RESET pin is low at the end of the power-on dela y time, 
the processor remains in the reset condition until RESET 
goes high. 

COMPUTER OPERATING PROPERLY (COP) RESET 

The MCU contains a watchdog timer that automatically 
times out if not reset within a specific time by a program 
reset sequence. If the COP watchdog timer is allowed to 
timeout, a reset is generated, which drives the RESET pin 
low to reset the MCU and the external system. 

The COP reset function can be enabled or disabled by 
setting the control bit in an EEPROM cell of the system 
configuration register. Once programmed, this control bit 
remains set (or cleared) even when no power is applied, 
and the COP function is enabled or disabled independent 
of resident software. Protected control bits (CR1 and CRO), 
in the configuration options register, allow the user to 
select one of four COP timeout rates. Table 2 shows the 
relationship between CR1 and CRO and the COP timeout 
period for various system clock frequencies. 

CLOCK MONITOR RESET 

The MCU contains a clock monitor circuit which meas- 
ures the E clock input frequency. If the E clock input rate 
is above 200 kHz, then the clock monitor does not gen- 
erate a MCU reset. If the E clock signal is lost or its fre- 
quency f alls belo w 1 0 kHz, then a MCU reset is generated, 
and the RESET pin is driven low to reset the external 
system. 



Table 2. COP Timeout Periods 



CR1 


CRO 


E/2 15 
Divided 
By 


XTAL=2 23 
Timeout 
-1/ + 15.6 ms 


XTAL = 8.0MHz 
Timeout 
-0/+16.4 ms 


XTAL = 4.9152 MHz 
Timeout 
-0/+26.7 ms 


XTAL = 4.0 MHz 
Timeout 
-0/+32.8 ms 


XTAL= 3.6864 MHz 
Timeout 
-0/+35.6 ms 


0 


0 


1 


15.625 ms 


16.384 ms 


26.667 ms 


32.768 ms 


35.556 ms 


0 


1 


4 


62.5 ms 


65.536 ms 


106.67 ms 


131.07 ms 


142.22 ms 


1 


0 


16 


250 ms 


262.14 ms 


426.67 ms 


524.29 ms 


568.89 ms 


1 


1 


64 


1 s 


1.049 s 


1.707 s 


2.1 s 


2.276 s 






E = 


2.1 MHz 


2.0 MHz 


1.2288 MHz 


1.0 MHz 


921.6 kHz 
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Simple LVI Reset Circuit 



Figure 3. Typical LVI Reset Circuits 



The clock monitor reset can be enabled or disabled by 
a read-write control bit (CME) in the system configuration 
options register. 



INTERRUPTS 

There are seventeen hardware and one software in- 
terrupts (excluding reset type interrupts) that can be gen- 
erated from all the possible sources. These interrupts can 
be divided into two categories, maskable and non-mask- 
able. Fifteen of the interrupts can be masked with the 
condition code register I bit. All the on-chip interrupts are 
individually maskable by local control bits. The software 



interrupt is non-maskable. The external input to the XIRQ 
pin is considered a non-maskable interrupt because, once 
enabled, it cannot be masked by software; however, it is 
ma sked d uring reset and upon receipt of an interrupt at 
the XIRQ pin. The last interrupt, illegal opcode, is also a 
non-maskable interrupt. Table 3 provides a list of each 
interrupt, its vector location in ROM, and the actual con- 
dition code and control bits that mask it. Figure 4 shows 
the interrupt stacking order. 

SOFTWARE INTERRUPT (SWI) 

The SWI is executed the same as any other instruction 
and will take precedence over interrupts only if the other 
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Table 3. Interrupt Vector Assignments 



Vector 
Address 


Interrupt Source 


CC 

Register Mask 


Local Mask 


FFCO, C1 
* 


Reserved 
* 






FFD4, D5, 
FFD6, D7 


Reserved 

SCI Serial System 

Receive Data Register Full 

Receive Overrun 

Idle Line Detect 

Transmit Data Register Empty 

Transmit Complete 


I Bit 


- 

RIE 
RIE 
ILIE 
TIE 
TCIE 


FFD8, D9 
FFDA, DB 
FFDC, DD 
FFDE, DF 


SPI Serial Transfer Complete 
Pulse Accumulator Input Edge 
Pulse Accumulator Overflow 
Timer Overflow 


I Bit 
I Bit 
I Bit 
I Bit 


SPIE 
PAN 
PAOVI 
TOI 


FFEO, E1 
FFE2, E3 
FFE4, E5 
FFE6, E7 


Timer Output Compare 5 
Timer Output Compare 4 
Timer Output Compare 3 
Timer Output Compare 2 


I Bit 
I Bit 
I Bit 
I Bit 


OC5I 
OC4I 
OC3I 
OC2I 


FFE8, E9 
FFEA, EB 
FFEC, ED 
FFEE, EF 


Timer Output Compare 1 
Timer Input Capture 3 
Timer Input Capture 2 
Timer Input Capture 1 


I Bit 
I Bit 
I Bit 
I Bit 


OC1I 
OC3I 
OC2I 
OC1I 


FFFO, F1 
FFF2, F3 

FFF4, F5 
FFF6, F7 


Real-Time Interrupt 

IRQ (External Pin or Parallel I/O) 

External Pin 

Parallel I/O Handshake 
XIRQ Pin (Pseudo Non-Maskable Interrupt) 
SWI 


I Bit 
I Bit 

X Bit 
None 


RTII 

None 
STAI 
None 
None 


FFF8, F9 
FFFA, FB 
FFFC, FD 
FFFE, FF 


Illegal Opcode Trap 

COP Failure (Reset) 

COP Clock Monitor Fail (Reset) 

RESET 


None 
None 
None 
None 


None 
NOCOP 
CME 
None 



interrupts are masked (I and X bits in the CCR set). The 
SWI execution is similar to the maskable interrupts such 
as setting the I bit, CPU registers are stacked, etc. 

NOTE 

The SWI instruction cannot be fetched as long as 
another interrupt is pending execution. However, 
once fetched, no other interrupt can be honored 





STACK 


SP 


PCL 


SP-1 


PCH 


SP-2 


IYL 


SP-3 


IYH 


SP-4 


IXL 


SP-5 


IXH 


SP-6 


ACCA 


SP-7 


ACCB 


SP-8 


CCR 


SP-9 





— SP BEFORE INTERRUPT 



- - SP AFTER INTERRUPT 



Figure 4. Stacking Order 



until the first instruction in the SWI service routine 
is completed. 

ILLEGAL OPCODE TRAP 

Since not all possible opcodes or opcode sequences 
are defined, an illegal opcode detection circuit has been 
included in the MCU. When an illegal opcode is detected, 
an interrupt is requested to the illegal opcode vector. 

REAL-TIME INTERRUPT 

The real-time interrupt provides a programmable pe- 
riodic interrupt. This interrupt is maskable by either the 
I bit in the CCR or the RTII control bit. The rate is based 
on the MCU E clock and is software selectable to be E/ 
2 13 , E/2 14 , E/2 15 , orE/2 16 . 



LOW-POWER MODES 

The MCU contains two programmable low-power op- 
erating modes: stop and wait. In the wait mode, the on- 
chip oscillator remains active; in the stop mode, the os- 
cillator is stopped. The following paragraphs describe the 
two low-power modes. 



■ 
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STOP 

The STOP instruction places the MCU in its lowest power 
consumption mode, provided the S bit in the CCR is clear. 
In this mode, all clocks are stopped, thereby halting all 
internal processing. 

To exit the sto p mode, a low level must be applied to 
either IRQ, XIRQ or RESET. An external interrupt used at 
IRQ is only efective if the I bit in the CCR is clear. An 
external interrupt applied at the XIRQ input would be 
effective regardless of the X-bit setting in the CCR; how- 
ever, the actual recovery sequence differs, depending on 
the X-bit setting. If the X bit is clear, the MCU starts with 
the stack ing sequence leading to the normal service of 
the XIRQ reques t. If th e X bit is set, the processing will 
continue (if no XIRQ interrupt service routine is re- 
quested) with the instruction immedi ately fo llowing the 
STOP instruction. A low input to the RESET pin will al- 
ways result in an exit from the stop mode, and the start 
of MCU operations is determined by the reset vector. 

If the internal oscillator is being used, a restart delay 
is required to allow the oscillatorto stabilize when exiting 
the stop mode. If a stable external oscillator is being used, 
a control bit in the OPTION register may be used (cleared) 
to byp ass the delay. If the control bit is clear, then the 
RESET pin would not normally be used for exiting the 
stop mode. In this case, the reset sequence sets the delay 
control bit, and the restart delay will be imposed. 

WAIT 

The WAIT instruction places the MCU in a low-power 
consumption mode, but the WAIT mode consumes slightly 
more power than the STOP mode. In the WAIT mode, the 
oscillator is kept running. Upon execution of the WAIT 
instruction, the machine state is stacked and program 
execution stops. The w ait state can only be exited by an 
unmasked interrupt or RESET. If the I bit is set and the 
COP is disabled, the timer system will be turned off to 
further reduce power consumption. The amount of power 
savings is application dependent and depends upon cir- 
cuitry connected to the MCU pins and upon subsystems 
(i.e., timer, SPI, SCI) that are active when the WAIT mode 
is entered. Turning off the A/D subsystem by clearing 
ADPU further reduces WAIT-mode current. 



PROGRAMMABLE TIMER 

The timer system uses a "time-of-day" approach in that 
all timing functions are related to a single 16-bit free- 
running counter. The free-running counter is clocked by 
the output of a programmable prescaler (divide by 1, 4, 
8, or 16), which is, in turn, clocked by the MCU E clock. 
The free-running counter can be read by software at any 
time without affecting its value because it is clocked and 
read on opposite half cycles of the E clock. The counter 
is cleared on reset and is a read-only register. The counter 
repeats every 65,536 counts, and when the count changes 
from $FFFF to $0000, a timer overflow flag bit is set. The 
overflow flag also generates an internal interrupt if the 
overflow interrupt enable bit is set. The timer has three 
input capture and five output compare functions. The 



functions and registers of the timer are explained in the 
following paragraphs. 

INPUT CAPTURE FUNCTION 

There are three 16-bit read-only input capture registers 
that are not affected by reset. Each register is used to 
latch the value of the free-running counter when a se- 
lected transition at an extenal pin is detected. External 
devices provide the inputs on the PA0-PA2 pins, and an 
interrupt can be generated when an input capture edge 
is detected. The time of detection can be read from the 
appropriate register as part of the interrupt routine. 

TIMER CONTROL REGISTER 2 (TCTL2) 



7 


6 


5 


4 


3 


2 


1 


0 


0 


0 


ED61B 


EDG1A 


EDG2B 


EDG2A 


EDG3B 


EDG3A 


RESET 
0 


0 


0 


0 


0 


0 


0 


0 



Bits 7-6 — Not Implemented 

These bits always read zero. 
EDGxB and EDGxA — Input Capture x Edge Control 

These two bits (EDGxB and EDGxA) are cleared to 

zero by reset and are encoded to configure the input 

sensing logic for input capture x. 



EDGxB 


EDGxA 


Configuration 


0 


0 


Capture disabled 


0 


1 


Capture on rising edges only 


1 


0 


Capture on falling edges only 


1 


1 


Capture on any (rising or falling) edge 



OUTPUT COMPARE FUNCTION 

There are five 16-bit read/write output compare reg- 
isters, which are set to $FFFF on reset. A value written 
into the SE registers is compared to the free-running 
counter value during each E-clock cycle. If a match is 
found, the particular output compare flag is set, and an 
interrupt is generated, provided that particular interrupt 
is enabled. 

In addition to the interrupt, a specified action may be 
initiated at a timer output pin(s). For output compare one 
(OC1), the output action to be taken when a match is 
found is controlled by a 5-bit mask register and a 5-bit 
data register. The mask register specifies which timer 
port outputs are to be used, and the data register specifies 
what data is placed on the SE timer ports. For OC2 through 
OC5, one specific timer output is affected as controlled 
by the two-bit fields in a timer control register. These 
actions include: 1 ) timer disconnect from output pin logic, 
2) toggle output compare line, 3) clear output compare 
line to zero, or 4) set output compare line to one. 

TIMER COMPARE FORCE REGISTER (CFORC) 

This 8-bit write-only register is used to force early out- 
put compare actions. This compare force function is not 
recommended for use with the output toggle function 



MOTOROLA MICROPROCESSOR DATA 
3-1447 



MC68HC11A0 



because a normal compare occurring immediately before 
or after the force may result in undersirable operation. 

7 6 5 4 3 2 1 0 
| F0C1 | F0C2 | F0C3 | F0C4 | F0C5 | 0 | 0 | 0 j 

RESET 

0 0 0 0 0 0 0 0 

FOC1-FOC5 — Force Output Compare x Action 

1 = Causes action progrmmed for output compare 

x, except the OCxF flag bit is not set 
0=Has no meaning 
Bits 2-0 — Not Implemented 
These bits always read zero. 

OUTPUT COMPARE 1 MASK REGISTER (OC1M) 

This register is used with output compare 1 to specify 
the bits of port A which are affected as a result of a 
successful OC1 compare. 



7 


6 


5 


4 


3 


2 


1 


0 


0C1M7 


0C1M6 


0C1M5 


0C1M4 


0C1M3 


0 


0 


0 


RESET 
0 


0 


0 


0 


0 


0 


0 


0 



Set bit(s) to enable OC1 to control corresponding pin(s) 
of port A. 



OUTPUT COMPARE 1 DATA REGISTER (OC1D) 

This register is used with output compare 1 to specify 
the data which is to be stored to the affected bit of port 
A as a result of a successful OC1 compare. 



7 


6 


5 


4 


3 


2 


1 


0 


0C1D7 


0C1D6 


0C1D5 


0C1D4 


0C1D3 


0 


0 


0 


RESET 
0 


0 


0 


0 


0 


0 


0 


0 



If OC1Mx is set, data in OC1Dx is output to port A bit-x 
on successful OC1 compares. 



TIMER CONTROL REGISTER (TCTL1) 



7 6 5 4 3 2 1 0 



0M2 


0L2 


0M3 


0L3 


0M4 


0L4 


0M5 


0L5 


RESET 
0 


0 


0 


0 


0 


0 


0 


0 



OM2-OM5 — Output Mode 

OL2-OL5 — Output Level 

These control bit pairs (OMx and OLx) are encoded 
to specify the output action taken as a result of a 
successful OCx compare. 



OMx 


OLx 


Action Taken Upon Successful Compare 


0 


0 


Timer disconnected from output pin logic 


0 


1 


Toggle OCx output line 


1 


0 


Clear OCx output line to zero 


, 1 


1 


Set OCx output line to one 



TIMER INTERRUPT MASK REGISTER 1 (TMSK1) 



7 


6 


5 


4 


3 


2 


1 


0 


0C1I 


0C2I 


0C3I 


0C4I 


0C5I 


IC1I 


IC2I 


IC3I 


RESET 
0 


0 


0 


0 


0 


0 


0 


0 



OCxI — Output Compare x Interrupt 

1 = Interrupt sequence requested if OCxF = 1 in 
TFLG1 

0 = Interrupt inhibited 
ICxI — Input Capture x Interrupt 

1 = Interrupt sequence requested if ICxF = 1 in TFLG1 
0 = Interrupt inhibited 

TIMER INTERRUPT FLAG REGISTER 1 (TFLG1) 

This register is used to indicate the occurrence of timer 
system events and, with the TMSK1 register, allows the 
timer subsystem to operate in a polled or interrupt driven 
system. Each bit in the TFLG1 has a corresponding bit in 
the TMSK1 in the same bit position. 



7 6 5 4 3 2 1 0 



0C1F 


0C2F 


0C3F 


0C4F 


0C5F 


IC1F 


IC2F 


IC3F 


RESET 
0 


0 


0 


0 


0 


0 


0 


0 



OCxF — Output Compare x Flag 

Set each time the timer counter matches the output 
compare register x value. To clear a flag bit in TFLG1, 
you must write a "one" to the corresponding bit po- 
sition(s). 
1 = Bit cleared 

0 = Not affected 

ICxF — Input Capture x Flag 

Set each time a selected active edge is detected on 
the ICx input line. To clear a flag bit in TFLG1, you 
must write a "one" to the corresponding bit posi- 
tion(s). 

1 = Bit cleared 

0 = Not affected 

TIMER INTERRUPT MASK REGISTER 2 (TMSK2) 

This register is used to control whether or not a hard- 
ware interrupt sequence is requested as a result of a 
status bit being set in TFLG2. Two timer prescaler bits 
are also included in this register. 



7 6 5 4 3 2 1 0 



TOI 


RTII 


PAOVI 


PAN 


0 


0 


PR1 


PRO 


RESET 
0 


0 


0 


0 


0 


0 


0 


0 



TOI — Timer Overflow Interrupt Enable 
1 = Interrupt request when TOF = 1 

0 = TOF interrupt disabled 
RTII — RTI Interrupt Enable 

1 = Interrupt requested when RTIF = 1 
0=RTIF interrupt disabled 

PAOVI — Pulse Accumulator Overflow Interrupt Enable 
1 = Interrupt requested when PAOVF= 1 
0 = PAOVF disabled 
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PAN — Pulse Accumulator Input Interrupt Enable 
1 = Interrupt requested when PAIF= 1 
0 = PAIF disabled 
Bits 3-2 — Not Implemented 

These bits always read zero. 
PR1 and PRO — Timer Prescaler Selects 

Can only be written to during initialization. Writes 
are disabled after the first write or after 64 E cycles 
out of reset. 



PR1 


PRO 


Divide-by- Factor 


0 


0 


1 


0 


1 


4 


1 


0 


8 


1 


1 


16 



TIMER INTERRUPT FLAG REGISTER 2 (TFLG2) 

This register is used to indicate the occurrence of timer 
system events and, with the TMSK2 register, allows the 
timer subsystem to operate in a polled or interrupt driven 
system. Each bit in the TFLG2 has a corresponding bit in 
the TMSK2 in the same bit position. 



TOF 


RTIF 


PAOVF 


PAIF 


0 


0 


0 


0 


RESET 
0 


0 


0 


0 


0 


0 


0 


0 



TOF — Timer Overflow 

Set to one each time the 16-bit free-running counter 

advances from a value of $FFFF to $0000. Cleared by 

a write to TFLG2 with bit 7 set. 
RTIF — Real-Time Interrupt Flag 

Set at each rising edge of the selected tap point. 

Cleared by a write to TFLG2 with bit 6 set. 
PAOVF — Pulse-Accumulator Overflow Interrupt Flag 

Set when the count in the pulse accumulator rolls 

over from $FF to $00. Cleared by a write to the TFLG2 

with bit 5 set. 
PAIF — Pulse-Accumulator Input-Edge Interrupt Flag 

Set when an active edge is detected on the PAI input 

pin. Cleared by a write to TFLG2 with bit 4 set. 
Bits 3-0 — Not Implemented 

These bits always read zero. 



PULSE ACCUMULATOR 

The pulse accumulator is an 8-bit counter that can op- 
erate in either of two modes, depending on the state of 



a control bit in the PACTL register. These are the event 
counting mode and the gated time accumulation mode. 
In the event counting mode, the 8-bit counter is clocked 
to increasing values by an external pin. The maximum 
clocking rate for the external event counting mode is E 
clock divided by two. In the gated time accumulation 
mode, a free-running E clock/64 signal drives the 8-bit 
counter, but only while the external PAI input pin is ac- 
tivated. 

PULSE ACCUMULATOR CONTROL REGISTER (PACTL) 
$1026 

Four bits in this register are used to control an 8-bit 
pulse accumulator system, and two other bits are used 
to select the rate for the real-time interrupt system. 

7 6 5 4 3 2 1 0 

| DDRA7 | PAEN | PAMOD | PEDGE | 0 | 0 | RTR1 | RTRO | 
RESET 

00000000 

DDRA7 — Data Direction for Port A Bit 7 
1 = Output 

0 = lnput only 

PAEN — Pulse-Accumulator System Enable 

1 = Pulse accumulator on 

0 = Pulse accumulator off 
PAMOD — Pulse Accumulator Mode 

1 = Gated time accumulator 

0 = External even counting 

PEDGE — Pulse Accumulator Edge Control 

This bit provides clock action along with PAMOD. 

1 = Sensitive to rising edges at PAI pin if PA- 

MOD =0. In gated accumulation mode counting 
is enabled by a low on PAI pin if PAMOD = 1. 
0 = Sensitive to falling edges at PAI pin if 
PAMOD = 0. In gated accumulation mode 
counting is enabled by a high on PAI pin if 
PAMOD = 1. 
Bits 3-2 — Not Implemented 

These bits always read zero. 
RTR1 and RTRO — RTI Interrupt Rate Selects 

These two bits select one of four rates for the real-time 
periodic interrupt circuits. Reset clears these two bits and 
after reset, a full RTI period elapses before the first RTI 
interrupt. 

SYSTEM CONFIGURATION REGISTER (CONFIG) 

The CONFIG register comes set as $0C. Changing bits 
0 or 1 could level to accessing an undefined ROM and a 
defective EEPROM. 
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2.1 MHz 


2.0 MHz 


1.2288 MHz 


1.0 MHz 


921.6 kHz 
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Bits 7-3 - Not Implemented 

These bits are always read as zero. 
NOCOP — COP System Disable 

1 =COP watchdog system disabled 
0 = COP watchdog system enabled 
ROMON — Enable On-Chip ROM 

This bit is programmed to "zero" at manufacturing, 

disabling the 8K ROM. The memory space becomes 

externally accessed space. 
EEON — Enable On-Chip EEPROM 

This bit is programmed / to "zero" at manufacturing, 

disabling the 512-byte EEPROM. The memory space 

becomes externally accessed space. 



SERIAL COMMUNICATIONS INTERFACE 

The serial communications interface (SCI) allows the 
MCU to be efficiently interfaced with peripheral devices 
that require an asynchronous serial data format. The SCI 
uses a standard NRZ format with a variety of baud rates 
derived from the crystal clock circuit. Interfacing is ac- 
complished using port D pins: PDO for receive data (RxD) 
and PD1 for the transmit data (TxD). The baud-rate gen- 
eration circuit contains a programmable prescaler and 
divider clocked by the MCU E clock. Figure 5 shows a 
block diagram of the SCI. 

DATA FORMAT 

Receive data in or transmit data out is the serial data 
presented between the PDO and the internal data bus and 
between the internal data bus and PD1. The data format 
requires 

1 ) An idle line in the high state prior to transmission/ 
reception of a message; 

2) A start bit that is transmitted/received, indicating 
the start of each character; 

3) Data that is transmitted and received least-signif- 
icant bit (LSB) first; 

4) A stop bit (tenth or eleventh bit set to logic one),, 
which indicates the frame is complete; and 

5) A break defined as the transmission or reception 
of a logic zero for some multiple of frames. 

Selection of the word length is controlled by the M bit in 
serial communications control register 1 (SCCR1). 

TRANSMIT OPERATION 

The SCI transmitter includes a parallel data register and 
a serial shift register. This double-buffered system allows 
a character to be shifted out serially while another char- 
acter is waiting in the transmit data register to be trans- 
ferred into the serial shift register. The output of the serial 
shift register is applied to PD1 as long as transmission is 
in progress or the transmit enable bit is set. 

RECEIVE OPERATION 

Data is received in a serial shift register and is trans- 
ferred to a parallel receive data register as a complete 



word. This double-buffered system allows a character to 
be shifted in serially while another character is already 
in the receive data register. An advanced data recovery 
scheme is used to distinguish valid data from noise in 
the serial data stream. The data input is selectively sam- 
pled to detect receive data, and a majority voting circuit 
determines the value and intergrity of each bit. 

WAKE-UP FEATURE 

The wake-up feature reduces SCI service overhead in 
multiple receiver systems. Software for each receiver 
evaluates the first character(s) of each message. If the 
message is intended for a different receiver, the SCI can 
be placed in a sleep mode, disabling the rest of the mes- 
sage from generating requests for service. Whenever a 
new message begins, logic causes the sleeping receivers 
to awaken and evaluate the initial character(s) of the new 
message. Two methods of wake up are available: idle- 
line wake up or address mark wake up. In idle-line wake 
up, a sleeping receiver wakes up as soon as the RxD line 
becomes idle. In the address mark wake up, a "one" in 
the most-significant bit (MSB) of a character is used to 
indicate that the message is an address that wakes up a 
sleeping receiver. 

SCI REGISTERS 

The following paragraphs describe the operations of 
the five registers used in the SCI. 

Serial Communications Data Registers (SCDR) 

The SCDR performs two functions: as the receive data 
register when it is read and as the transmit data register 
when it is written. Figure 5 shows the SCDR as two sep- 
arate registers. 

Serial Communications Control Register 1 (SCCR1) 

The SCCR1 provides the control bits to determine word 
length and select the method used for the wake-up fea- 
ture. 
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R8 — Receive Data Bit 8 

If the M bit is set, this bit provides a storage location 
for the ninth bit in the receive data character. 
T8 — Transmit Data Bit 8 

If the M bit is set, this bit provides a storage location 
for the ninth bit in the transmit data character. 
Bit 5 — Not Implemented 

This bit always reads zero. 
M — SCI Character Length 

1 = 1 start bit, 9 data bits, 1 stop bit 
0=1 start bit, 8 data bits, 1 stop bit 
WAKE — Wake-Up Method Select 
1 = Address mark 
0 = Idle line 
Bits 2-0 — Not Implemented 
These bits always read zero. 
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NOTE: The Serial Communications Data Register (SCDR) is controlled by the internal R/W signal. It is the transmit data register when 
written and received data register when read. 



Figure 5. SCI Block Diagram 
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Serial Communications Control Register 2 (SCCR2) 

The SCCR2 provides the control bits that enable/disable 
individual SCI functions. 



7 


6 


5 


4 


3 


2 


1 


0 


TIE 


TCIE 


RIE 


ILIE 


TE 


RE 


RWU 


SBK 


RESET 
0 


0 


0 


0 


0 


0 


0 


0 




TIE — Transmit Interrupt Enable 

1 = SCI interrupt if TDRE = 1 

0=TDR interrupts disabled 
TCIE — Transmit-Complete Interrupt Enable 

1=SCI interrupt if TC = 1 

0=TC interrupts disabled 
RIE — Receive Interrupt Enable 

1 = SCI interrupt if RDRF or OR = 1 

0 = RDRF or OR interrupt disabled 
ILIE — Idle-Line Interrupt Enable 

1=SCI interrupt if IDLE = 1 
0=IDLE interrupts disabled 
TE — Transmit Enable 

1 = Transmit shift register output is applied to the 

TxD line 

0 = PD1 pin reverts to general-purpose I/O as soon 

as current transmitter activity finishes. 
RE — Receive Enable 

1 = Receiver enabled 

0 = Receiver disabled and RDRF, IDLE, OR, NF, and 
FE interrupts are inhibited 

RWU — Receiver Wake Up 

When set by user's software, this bit puts the receiver 
to sleep and enables the "wake-up" function. If the 
WAKE bit is zero, RWU is cleared by the SCI logic 
after receiving 10 (M=0) or 11 (M = 1) consecutive 
ones. If WAKE is one, RWU is cleared by the SCI logic 
after receiving a data word whose MSB is set. 

SBK — Send Break 

If this bit is toggled set and cleared, the transmitter 
sends 10 (M = 0) or 11 (M = 1) zeros and then reverts 
to idle or to sending data. If SBK remains set, the 
transmitter will continually send whole frames of ze- 
ros (sets of 10 or 11) until cleared. 

Serial Communications Status Register (SCSR) 

The SCSR provides inputs to the interrupt logic circuits 
for generation of the SCI system interrupts. 
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TDRE — Transmit Data Register Empty 

1 = Automatically set when contents of the serial 
communications data register was transferred 
to the transmit serial shift register 

0 = Cleared by a read of SCSR (with TDRE = 1) fol- 

lowed by a write to SCDR 
TC — Transmit Complete 

1 = Automatically set when all data frame, pream- 

ble, or break condition transmissions are com- 
plete 



0 = Cleared by a read of SCSR (with TC = 1) fol- 

lowed by a write to SCDR 
RDRF — Receive Data Register Full 

1 = Automatically set when a character is trans- 

ferred from the receiver shift register to the 
SCDR 

0 = Cleared by a read of SCSR (with RDRF=1) fol- 

lowed by a read of SCDR 
IDLE — Idle-Line Detect 

This bit is inhibited while RWU = 1 . 

1 = Automatically set when the receiver serial input 

becomes idle after having been active 

0 = Cleared by a read of SCSR (with IDLE = 1) fol- 

lowed by a read of SCDR 
OR — Overrun Error 

1 = Automatically set when a new character cannot 

transfer from the receive shift register because 
the character in SCDR has not been read 

0 = Cleared by a read of SCSR (with OR = 1) fol- 

lowed by a read of SCDR 
NF — Noise Flag 

1 =Automatically set when majority voting logic 

does not bind unanimous agreement of all sam- 
ples in any bit in the received frame 

0 = Cleared by a read of SCSR (with NF=1) fol- 

lowed by a write to SCDR 
FE — Framing Error 

1 =Automatically set when a logic 0 is detected 

where a stop bit was expected 
0 = Cleared by a read of SCSR (with FE = 1 ) followed 
by a read of SCDR 
Bit 0 — Not Implemented 
This bit always reads zero. 

Baud-Rate Register (BAUD) 

This register is used to select different baud rates that 
may be used as the rate control for the receiver and trans- 
mitter. 
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TCLR — Clear Baud-Rate Counters (Test) 

This bit is used to clear the baud-rate counter chain 
during factory testing. TCLR is zero and cannot be 
set while in normal operating modes. 

Bit 6 — Not Implemented 
This bit always reads zero. 

SCP1 and SCPO — SCI Baud-Rate Prescaler Selects 
These bits control a prescaler whose output provides 
the input to a second divider which is controlled by 
the SCR2-SCR0 bits. Refer to Table 4. 

RCKB — SCI Baud-Rate Clock Check (Test) 

This bit is used during factory testing to enable the 
exclusive-OR of the receiver clock and transmitter 
clock to be driven out the TxD pin. RCKB is zero and 
cannot be set while in normal operating modes. 

SCR2-SCR0 — SCI Baud-Rate Selects 

These bits select the baud rate for both the trans- 
mitter and the receiver. The prescaler output selected 
by SCP1 and SCPO is further divided by the setting 
of these bits. Refer to Table 5. 
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Table 4. Prescaler Highest Baud-Rate Frequency Output 



SCP Bit 


Clock* 
Divided By 


Crystal Frequency (MHz) 


1 


0 


8.3886 


8.0 


4.9152 


4.0 


3.6864 


0 


0 


1 


131.072 K Baud 


125.000 K Baud 


76.80 K Baud 


62.50 K Baud 


57.60 K Baud 


0 


1 


3 


43.690 K Baud 


41.666 K Baud 


25.60 K Baud 


20.833 K Baud 


19.20 K Baud 


1 


0 


4 


32.768 K Baud 


31.250 K Baud 


19.20 K Baud 


15.625 K Baud 


14.40 K Baud 


1 


1 


13 


10.082 K Baud 


9600 Baud 


5.907 K Baud 


4800 Baud 


4430 Baud 



*The clock in the "Clock Divide By" column is the internal processor clock. 



Table 5. Transmit Baud-Rate Output for a Given Prescaler Output 



SCR Bit 


Divided 
By 


Representative Highest Prescaler Baud-Rate Output 


2 


1 


0 


131.072 K Baud 


32.768 K Baud 


76.80 K Baud 


19.20 K Baud 


9600 Baud 


0 


0 


0 


1 


131.072 K Baud 


32.768 K Baud 


76.80 K Baud 


19.20 K Baud 


9600 Baud 


0 


0 


1 


2 


65.536 K Baud 


16.384 K Baud 


38.40 K Baud 


9600 Baud 


4800 Baud 


0 


1 


0 


4 


32.768 K Baud 


8.192 K Baud 


19.20 K Baud 


4800 Baud 


2400 Baud 


0 


1 


1 


8 


16.384 K Baud 


4.096 K Baud 


9600 Baud 


2400 Baud 


1200 Baud 


1 


0 


0 


16 


8.192 K Baud 


2.048 K Baud 


4800 Baud 


1200 Baud 


600 Baud 


1 


0 


1 


32 


4.096 K Baud 


1.024 K Baud 


2400 Baud 


600 Baud 


300 Baud 


1 


1 


0 


64 


2.048 K Baud 


512 Baud 


1200 Baud 


300 Baud 


150 Baud 


1 


1 


1 


128 


1.024 K Baud 


256 Baud 


600 Baud 


150 Baud 


75 Baud 



SERIAL PERIPHERAL INTERFACE 

The serial peripheral interface (SPI) is a high-speed syn- 
chronous serial I/O system. The transfer rate is software 
selectable up to one-half of the MCU E clock rate. The 
SPI may be used for simple I/O expansion or to allow 
several MCUsto be interconnected in a multimaster con- 
figuration. Clock phase and polarity are software pro- 
grammable to allow direct compatibility with a large 
number of peripheral devices. 

Four basic signal lines are associated with the SPI sys- 
tem. These are the master-out-slave-in (MOSI), the mas- 
ter-in-slave-out (MISO), the serial clock (SCK), and the 
slave select (SS). When data is written to the SPI data 
register of a master device, a transfer is automatically 
initiated. A series of eight SCK clock cycles are generated 
to synchronize data transfer. 

When a master device transmits data to a slave device 
via the MOSI line, the slave device responds by sending 
data to the master device via the MISO line. This implies 
full duplex transmission with both data out and data in 
synchronized with the same clock signal. The byte trans- 
mitted is replaced by the byte received, thereby elimi- 
nating the need for separate transmit-empty and receiver- 
full status bits. Figure 6 shows a block diagram of the 
SPI. 



SPI REGISTERS 

There are three registers in the SPI that provide control, 
status, and data-storage functions. These registers are 
described in the following paragraphs. 



Serial Peripheral Control Register (SPCR) 
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SPIE — Serial Peripheral Interrupt Enable 
1 =SPI interrupt if SPIF = 1 

0 = SPIF interrupts disabled 

SPE — Serial Peripheral System Enable 

1 = SPI system on 

0 = SPI system off 

DWOM — Port D Wire-OR Mode Option 

This bit affects all six port D pins together. 

1 = Port D outputs act as open-drain outputs 

0 = Port D outputs are normal CMOS outputs 
MSTR — Master Mode Select 

1 = Master mode 
0= Slave mode 

CPOL — Clock Polarity 

This bit selects the polarity of the SCK clock. 
1=SCK line idles high 
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Figure 6. SPI Block Diagram 



CPHA — Clock Phase 

This bit selects one of two fundamentally different 

clock protocols. Refer to Figure 7. 
SPR1 and SPRO — SPI Clock Rate Select 

These two bits select one of four baud rates to be 

used as SCK if the SPI is set as the master. They have 

no effect in the slave mode. 
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Serial Peripheral Status Register (SPSR) 
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SPIF — SPI Transfer Complete Flag 

1 = Automatically set when data transfer is com- 
plete between processor and external device 
0=Cleared by a read of SPSR (with SPIF=1), fol- 
lowed by an access (read or write) of the SPDR 

WCOL — Write Collision 

If CPHA=0, transfer begins when SS goes low and 
ends when SS goes high after eight clock cycles on 



SCK. If CPHA = 1, transfer begins the first time SCK 
becomes active while SS is low and ends when the 
SPIF flag gets set. 
1 = Automatically set when an attempt is made to 

write to the SPI data register while data is being 

transferred 

0 = Cleared by a read of SPSR (with WCOL = 1 ), fol- 

lowed by an access (read or write) of the SPDR 

Bit 5 — Not Implemented 
This bit always reads zero. 

MODF — Mode Fault 

This bit indicates the possibility of a multi-master 
conflict for system control and therefore allows a 
proper exit from system operation to a reset or de- 
fault system state. 

1 = Automatically set when a master device has its 

SS pin pulled low 
0 = Cleared by a read of SPSR (with MODF = 1 ), fol- 
lowed by a write to the SPCR. 
Bits 3-0 — Not Implemented 
These bits always read zero. 

Serial Peripheral Data I/O Register (SPDR) 

This register is used to transmit and receive data on 
the serial bus. A write to this register in a master will 
initiate transmission/reception of another byte. A slave 
writes data to this register for later transmission to a 
master. When transmission is complete, the SPIF status 
bit is set in both the master and slave device. When a 
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read is performed on the SPDR, a buffer is actually being 
read. The first SPIF must be cleared by the time a second 
transfer of data from the shift register to the read buffer 
is initiated, or an overrun condition will exist. In case of 
an overrun, the byte causing the overrun is lost. 



ANALOG-TO-DIGITAL CONVERTER 

The MCU contains an 8-channel, multiplexed-input, 
successive approximation, analog-to-digital (A/D) con- 
verter with sample and hold. Two dedicated lines (Vrl, 
and Vrh) are provided for the reference supply voltage 
input. These pins are used instead of the device power 
pins to increase the accuracy of the A/D conversion. 

The 8-bit A/D conversions of the MCU are accurate to 
within ±1 LSB (±1/2 LSB quantizing errors and ±1/2 
LSB all other errors combined).Each conversion is ac- 
complished in 32 MCU E-clock cycles. An internal control 
bit allows selection of an internal conversion clock os- 
cillator that allows the A/D to be used with very low MCU 
clock rates. A typical conversion cycle requires 16 micro- 
seconds to complete at a 2-MHz bus frequency. 

Four result registers are included to further enhance 
the A/D subsystem along with control logic to control 
conversion activity automatically. A single write instruc- 
tion selects one of four conversion sequences, resulting 
in a conversion complete flag after the first four conver- 
sions. The sequences are as follows: 

1) Convert one channel four times and stop, se- 
quential results placed in the result registers. 

2) Convert one group of four channels and stop, each 
result register is dedicated to one channel. 



3) Convert one channel continuously, updating the 
result registers in a round-robin fashion. 

4) Convert one group of four channels (round-robin 
fashion) continuously, each result register is ded- 
icated to one channel. 

NOTE 

In the 48-pin dual-in-line package, four conver- 
sion channels are not implemented. These include 
channels four through seven. 



INSTRUCTION SET 

The MCU can execute all of the M6800 and M6801 
instructions. In addition to these instructions, 91 new op- 
codes are provided by the paged opcode map. These 
instructions can be divided into five different types: 1) 
accumulator and memory, 2) index register and stack 
pointer, 3) jump, branch, and program control, 4) bit ma- 
nipulation, and 5) condition code register instructions. 
The following paragraphs briefly explain each type. 

ACCUMULATOR/MEMORY INSTRUCTIONS 

Most of these instructions use two operands. One op- 
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The accumulator/memory instruc- 
tions can be divided into four subgroups: 1) load/store/ 
transfer, 2) arithmetic/math, 3) logical, and 4) shift/rotate. 
The following paragraphs describe the different groups 
of accumulator/memory instructions. 
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INTERNAL STROBE FOR DATA CAPTURE (ALL MODES) 



Figure 7. Data Clock Timing Diagraqj 
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Load/Store/Transfer 



Refer to the following table for load/store/transfer in- 
structions. 



Function 


Mnemonic 


Clear Memory Byte 


CLR 


Clear Accumulator A 


CLRA 


Clear Accumulator B 


CLRB 


Load Accumulator A 


LDAA 


Load Accumulator B 


LDAB 


Load Double Accumulator D 


LDD 


Push A onto Stack 


PSHA 


Push B onto Stack 


PSHB 


Pull A from Stack 


PULA 


Pull B from Stack 


PULB 


Store Accumulator A 


STAA 


Store Accumulator B 


STAB 


Store Accumulator D 


STD 


Transfer A to B 


TAB 


Transfer A to CC Register 


TAP 


Transfer B to A 


TBA 


Transfer CC Register to A 


TPA 


Exchange D with X 


XGDX 


Exchange D with Y 


XGDY 



Arithmetic/Math 

Refer to the following table for the arithmetic/math in- 
structions. 



Function 


Mnemonic 


Add Accumulators 


ABA 


Add B to X 


ABX 


Add B to Y 


ABY 


Add with Carry to A 


ADCA 


Add with Carry to B 


ADCB 


Add Memory to A 


ADDA 


Add Memory to B 


ADDB 


Add 16-Bit to D 


ADDD 


Compare A to B 


CBA 


Compare A to Memory 


CMPA 


Compare B to Memory 


CMPB 


Compare D to Memory (16 Bit) 


CPD 


Decimal Adjust A 


DAA 


Decrement Memory Byte 


DEC 


Decrement Accumulator A 


DECA 


Decrement Accumulator B 


DECB 


Fractional Divide 16x16 


FDIV 


r 

Integer Divide 16x16 


IDIV 



— Continued — 



Function 


Mnemonic 


Increment Memory Byte 


INC 


Increment Accumulator A 


INCA 


Increment Accumulator B 


INCB 


Multiply 8x8 


MUL 


2's Complement Memory Byte 


NEG 


2's Complement A 


NEGA 


2's Complement B 


NEGB 


Subtract B from A 


SBA 


Subtract with Carry from A 


SBCA 


Subtract with Carry from B 


SBCB 


Subtract Memory from A 


SUBA 


Subtract Memory from B 


SUBB 


Subtract Memory from D 


SUBD 


Test for Zero or Minus 


TST 


Test for Zero or Minus A 


TSTA 


Test for Zero or Minus B 


TSTB 



Logical 

This group is used to make comparisions, decisions, 
and extractions of data. Refer to the following list for the 
logical instructions. 



Function 


Mnemonic 


AND A with Memory 


AN DA 


AND B with Memory 


ANDB 


Bit(s) Test A with Memory 


BITA 


Bit(s) Test B with Memory 


BITB 


1's Complement Memory Byte 


COM 


1's Complement A 


COMA 


1's Complement B 


COMB 


Exclusive OR A with Memory 


EORA 


Exclusive OR B with Memory 


EORB 


OR Accumulator A (Inclusive) 


ORAA 


OR Accumulator B (Inclusive) 


ORAB 



Shift/Rotate 

The shift and rotate instructions automatically operate 
through the carry bit, which allows easy extension to 
multiple bytes. Refer to the following list for the shift/ 
rotate instructions. 



Function 


Mnemonic 


Arithmetic Shift Left 


ASL 


(Logical Shift Left) 


(LSD 


Arithmetic Shift Left A 


AS LA 


(Logical Shift Left Accumulator A) 


(LSLA) 


Arithmetic Shift Left B 


ASLB 


(Logical Shift Left Accumulator B) 


(LSLB) 



— Continued — 



MOTOROLA MICROPROCESSOR DATA 
3-1456 



MC68HC11A0 



Funrf Inn 


MnAmnnir 


Arithmetic Shift Left Double 


ASLD 


i\ neural ^hift 1 pft rtmihlol 
\i_uyiucti oiiiii mil uuuuicf 


(LSLD) 


Arithmetic Shift Right 


ASR 


Arithmptir Qhift Rinht A 
r\i 1 11 1 1 1 icliu oiiiii niym r\ 


ASRA 


Arithmptir Qhift Rinht R 
AAI III II 1 ICLIU oiiiii niyiiL □ 


ASRB 


1 nniral ^hift Rinht 
t-uyiuai oiiiii niyiii 


LSR 


Logical Shift Right Accumuldtor A 


LSRA 


1 nniral ^hift Rinht Arnrmnlatnr R 
uuyiuai oiiiii niyiii aauuui i iuiciiui o 


LSRB 


Logical Shift Right Double 


LSRD 


Rotate Left 


ROL 


Rotate Left Accumulator A 


ROLA 


Rotate Left Accumulator B 


ROLB 


Rotate Right 


ROR 


Rotate Right Accumulator A 


RORA 


Rotate Right Accumulator B 


RORB 



INDEX-REGISTER AND STACK-POINTER INSTRUCTIONS 

These instructions provide a method for storing data 
and for manipulation of index register, stack pointer, and 
individual segments of data within the register and stack 
pointer. Refer to the following list for the index-register 
and stack-pointer instructions. 



Function 


Mnemonic 


Add B to X 


ABX 


Add B to Y 


ABY 


Compare X to Memory (16 Bit) 


CPX 


Compare Y to Memory (16 Bit) 


CPY 


Decrement Stack Pointer 


DES 


Decrement Index Register X 


DEX 


Decrement Index Register Y 


DEY 


Increment Stack Pointer 


INS 


Increment Index Register X 


INX 


Increment Index Register Y 


INY 


Load Index Register X 


LDX 


Load Index Register Y 


LDY 


Load Stack Pointer 


LDS 


Push X onto Stack (Low First) 


PSHX 


Push Y onto Stack (Low First) 


PSHY 


Pull X from Stack (High First) 


PULX 


Pull Y from Stack (High First) 


PULY 


Store Stack Pointer 


STS 


Store Index Register X 


STX 


Store Index Register Y 


STY 


Transfer Stack Pointer to X 


TSX 



Function 


Mnemonic 


Transfer Stack Pointer to Y 


TSY 


Transfer X to Stack Pointer 


TXS 


Transfer Y to Stack Pointer 


TYS 


Exchange D with X 


XGDX 


Exchange D with Y 


XGDY 


CONDITION-CODE-REGISTER INSTRUCTIONS 


These instructions are register reference instructions 
and are used to control processor operation during 
program execution. Refer to the following list for the 
condition-code-register instructions. 


Function 


Mnemonic 


Clear Carry Bit 


CLC 


Clear Interrupt Mask 


CLI 


Clear Overflow Flag 


CLV 


Set Carry 


SEC 


Set Interrupt Mask 


SEI 


Set Overflow Flag 


SEV 


Transfer A to CC Register 


TAP 


Transfer CC Register to A 


TPA 



JUMPS/BRANCHES/PROGRAM-CONTROL 
INSTRUCTIONS 

These instructions provide techniques for modifying 
the normal sequence of the program for conditional and 
unconditional branching. Refer to the following list for 
the jump/branch/program-control instructions. 



Function 


Mnemonic 


Branch if Carry Clear 


BCC 


(Branch if Higher or Same) 


(BHS) 


Branch if Carry Set 


BCS 


(Branch if Lower) 


(BLO) 


Branch if = zero 


BEQ 


Branch if&zero 


BGE 


Branch if)zero 


BGT 


Branch if Higher 


BHI 


Branch if«Zero 


BLE 


Branch if Lower or Same 


BLS 


Branch if(Zero 


BLT 


Branch if Minus 


BMI 


Branch if not = Zero 


BNE 


Branch if Plus 


BPL 


Branch Always 


BRA 


Branch if Bit(s) Clear 


BRCLR 


Branch Never 


BRN 



— Continued ■ 
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Function 


Mnemonic 


Branch if Bit(s) Set 


BRSET 


Branch to Subroutine 


BSR 


Branch if Overflow Clear 


BVC 


Branch if Overflow Set 


BVS 


Jump 


JMP 


Jump to Subroutine 


JSR 


No Operation 


NOP 


Return from Interrupt 


RTI 


Return from Subroutine 


RTS 


Stop Internal Clocks 


STOP 


Software Interrupt 


SWI 


Test Operation (Test Mode Only) 


TEST 


Wait for Interrupt 


WAI 



BIT-MANIPULATION INSTRUCTIONS 

The MCU is capable of setting or clearing any bit re- 
siding in the first 256 bytes of the memory space in direct 
address mode. The MCU can use any bit in the 64K mem- 
ory map, and all bit-manipulation instructions can be used 
with direct or index (x or y) addressing modes. Software 
can configure the memory map so that internal RAM, 
and/or internal registers, or external memory space can 
occupy these addresses. The bit-manipulation instruc- 
tions use an 8-bit mask, which allows simultaneous op- 
erations on any combination of bits in a location. Refer 
to the following list for the bit-manipulation instructions. 



Function 


Mnemonic 


Clear Bit(s) 


BCRL 


Branch if Bit(s) Clear 


BRCRL 


Branch if Bit(s) Set 


BRSET 


Set Bit(s) 


BSET 



OPCODE MAP SUMMARY 

Table 6 is an opcode map for the instructions used on 
the MCU. 



ADDRESSING MODES 

The MCU uses six different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. Some instructions require an ad- 
ditional byte before the opcode to accommodate a mul- 
tipage opcode map; this byte is called a prebyte. 

The term "effective address" (EA) is used in describing 
the various addressing modes. Effective address is de- 
fined as the address from which the argument for an 
instruction is fetched or stored. The following paragraphs 
describe the different addressing modes. 



IMMEDIATE 

In the immediate addressing mode, the operand is con- 
tained in the byte immediately following the opcode. 
These are two, three, or four (if prebyte is required) byte 
instructions. 

DIRECT 

In the direct addressing mode, the least-significant byte 
of the operand address is contained in a single byte fol- 
lowing the opcode and the most-significant byte of an 
address is assumed to be $00. Direct addressing allows 
the user to directly address $0000 through $00FF using 
two-byte instructions, and execution time is reduced by 
eliminating the additional memory access. In most ap- 
plications, this 256-byte area is reserved for frequently 
referenced data. In the MCU, software can configure the 
memory map so that internal RAM, and/or internal reg- 
isters, or external memory space can occupy these ad- 
dresses. 

EXTENDED 

In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. These are three or four (if prebyte is 
required) byte instructions: one or two for the opcode 
and two for the effective address. 

INDEXED 

In the indexed addressing mode, one of the index reg- 
isters (X or Y) is used in calculating the effective address. 
In this case, the effective address is variable and depends 
on two factors: 1) the current contents of the index reg- 
ister (X or Y) being used, and 2) the 8-bit unsigned offset 
contained in the instruction. This addressing mode al- 
lows referencing any memory location in the 64K byte 
address space. These are usually two or three (if prebyte 
is required) byte instructions, the opcode plus the 8-bit 
offset. 

RELATIVE 

The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8- 
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. These 
are usually two-byte instructions. 

INHERENT 

In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in- 
structions are one- or two-byte instructions. 

PREBYTE 

To expand the number of instructions used in the MCU, 
a prebyte instruction has been added to certain instruc- 
tions. The instructions affected are usually associated with 
index register Y. Accessing opcodes from page 2, 3, or 4 
would require a prebyte instruction. 
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ACCA 


ACCB 






INH 


REL 


INH 


ACCA 


ACCB 


(Y| 
INDX 


EXT 


IMM 


DIR 


(Y) 
INDX 


EXT 


IMM 


DIR 


(Y) 
INDX 


EXT 




0 


1 

0001 


2 

0010 


3 

0011 


4 

0100 


5 

0101 


6 

0110 


7 

0111 


8 

1000 


9 

1001 


A 

1010 


B 

1011 


C 

1100 


D 

1101 


E 

1110 


F 

mi 




0 

oooo 


TEST 


2 

SBA 


3 

BRA 

2 


12) 3 

TSX(Y) 

1 14) 


2 

NEGA 

1 


2 

NEGB 

i 


{31 6 

NEG 

2 (71 


6 

NEG 

3 


2 

SUBA 

2 


3 

SUBA 

2 


I3I 4 

SUBA 

! (5) 


SUBA 

3 


2 

SUBB 

2 


3 

SUBB 

2 


(3) 4 

SUBB 

2 (5) 


SUBB 

3 


0 


1 

0001 


NOP ' 


CBA 2 


3 

BRN 

2 


3 

INS 










2 

CMPA 

2 


3 

CMPA 

2 


13] 4 

CMPA 

2 (SI 


CMPA 

3 


2 

CMPB 

2 


3 

CMPB 

2 


I3I 4 

CMPB 

1 (51 


CMPB 

3 


1 


2 

0010 


41 

IDIV 


BRSET 6 


3 

BHI 

2 


t 

PULA 

1 










2 

SBCA 

2 


3 

SBCA 

2 


I3I 4 

SBCA 

2 (5) 


SBCA ' 

3 


2 

SBCB 

2 


3 

SBCB 


(3) 4 

SBCB 

2 (5) 


SBCB 

3 


2 


3 

0011 


41 

FDIV 


BRCLR 6 

4 


3 

BLS 

2 


4 

PULB 

1 


2 

COMA 


2 

COMB 

i 


13) 6 

COM 

2 (71 


6 

COM 

3 


3 SUBD 


. 5 

2 SUBD 


13) , 6 

2 SU BD [7, 


3 SUBD 


ADDD 

3 


5 

ADDD 

2 


(31 6 

ADDD 

2 171 


ADDD 

3 


3 


4 

0100 


LSRD 3 


BSET 6 

3 


, ( BCC 


3 

DES 

i 


2 

LSRA 

1 


2 

LSRB 


131 6 

LSR 

2 17) 


6 

LSR 

3 


2 

AN DA 

2 


3 

AN DA 

2 


(3) 4 

ANDA 

2 (5) 


ANDA 

3 


2 

ANDB 

2 


3 

ANDB 

2 


131 4 

ANDB 

2 151 


ANDB 

3 


4 


5 

0101 


(LSLD) 3 


BCLR 6 

3 


(BLO) 
2 BCS 


121 3 

TX(Y)S 

1 141 










2 

BITA 

2 


3 

BITA 

2 


(3) 4 

BITA 

2 IS) 


BITA 

3 


2 

BITB 

2 


3 

BITB 

2 


(31 4 

BITB 

2 15) 


BITB 

3 


5 


6 

0110 


2 

TAP 


2 

TAB 

l 


3 

BNE 

2 


3 

PSHA 

i 


2 

RORA 


2 

RORB 


(3) 6 

ROR 

2 (7) 


ROR 

3 


LDAA 

2 


3 

LDAA 

2 


(3) 4 

LDAA 

2 15) 


LDAA 

3 


2 

LDBB 

2 


LDBB 

2 


13) 4 

LDBB 

2 (5) 


LDBB 

3 


6 


7 

0111 


2 

TPA 


2 

TBA 

1 


3 

BEQ 

2 


3 

PSHB 

i 


2 

ASRA 

i 


2 

ASRB 

1 


131 6 

ASR 

2 17) 


6 

ASR 

3 




3 

STAA 

2 


(3) 4 

STAA 

2 15) 


STAA 

3 




3 

STBB 

2 


13) 4 

STBB 

2 (5) 


STBB 

3 


7 


8 

1000 


12) 3 

INX(Y) 

1 14) 


PAGE 2 


3 

BVC 

2 


121 6 

PULX(Y) 

1 161 


2 

AS LA 

i 


2 

ASLB 

i 


13) 6 

ASL 

2 (71 


6 

ASL 

3 


2 

EORA 

2 


3 

EORA 

2 


(3) 4 

EORA 

2 " I5| 


EORA 

3 


2 

EORB 

2 


3 

EORB 

2 


13) 4 

EORB 

2 15) 


EORB 

3 


8 


9 

1001 


(2) 3 

DEX(Y) 

1 (4) 


DAA 2 


3 

BVS 

2 


5 

RTS 

1 


2 

ROLA 

1 


2 

ROLB 

1 


13) 6 

ROL 

2 (71 


6 

ROL 

3 


2 

ADCA 

2 


3 

ADCA 

2 


131 4 

ADCA 

2 15) 


ADCA 

3 


2 

ADCB 

2 


3 

ADCB 

2 


131 4 

ADCB 


ADCB 

3 


9 


A 

1010 


2 

CLV 


PAGE 3 


3 

BPL 

2 


121 3 

ABX(Y) 

1 (4) 


2 

DECA 

l 


2 

DECB 

i 


131 6 

DEC 

2 (7) 


6 

DEC 

3 


2 

ORAA 

2 


3 

ORAA 

2 


131 4 

ORAA 

2 151 


ORAA 

3 


2 

ORAB 

2 


3 

ORAB 

2 


(3) 4 

ORAB 

2 15) 


ORAB 

3 


A 


B 

1011 


2 

SEV 


ABA 2 

i 


3 

BMI 

2 


12 

RTI 

1 










2 

ADDA 


3 

ADDA 


13) 4 

ADDA 

2 (5) 


ADDA 

3 


2 

ADDB 

2 


3 

ADDB 

2 


13) 4 

ADDB 

2 15) 


ADDB 

3 


B 


C 

1100 


2 

CLC 


(4) 7 

BSET 

3 181 


3 

BGE 

2 


I2I 4 

PSHX(Y) 

1 15) 


2 

INCA 

1 


INCB 2 

1 


(3) C 

INC 

2 (71 


6 

INC 

3 


(4) 4 

CPX(Y) 

3 5 


(3) 5 

CPX(Y) 

2 I6I 


(31 , 6 

2 CPX(Y) ,„ 


14) 6 

CPX(Y) 


LDD 3 

3 


4 

LDD 

2 


13) 5 

LDD 

2 I6i 


LDD 5 

3 


C 


D 

1101 


2 

SEC 


(4) 7 

BCLR 

3 18) 


3 

BLT 

2 


10 

MUL 

1 


TSTA 2 

1 


TSTB 2 

i 


(3) 6 

TST 

2 (7) 


6 

TST 

3 


6 

BSR 

2 


JSR 5 

2 


(31 6 

JSR 

2 (71 


6 

JSR 

3 


PAGE 4 


4 

STD 

2 


131 5 

STD 

2 16) 


STD 5 

3 


D 


E 

1110 


2 

CLI 


(5) 7 

BRSET 

4 181 


3 

BGT 

2 


12 

WAI 

i 






13) 3 

JMP 
2 14) 


JMP 3 


3 

LDS 

3 


LDS 

2 


(31 5 

LDS 

2 16) 


LDS 5 

3 


(4) 3 

LDX(Y) 

3 141 


(3) 4 

LDX(Y) 

2 (51 


13) 5 

LDX(Y) 


14) , 5 

LDXIYI 

3 (6) 


E 


F 

1111 


2 

SEI 


(5) 7 

BRCLR 

4 181 


3 

BLE 

2 


14 

SWI 

1 


2 

CLRA 

i 


2 

CLRB 

i 


13) 6 

CLR 

2 (71 


6 

CLR 

3 


121 3 

XGDX(Y) 

1 (4I 


STS * 

2 


(3) 6 

STS 

2 16) 


5 

STS 

3 


STOP 2 

i 


(3) 4 

STX(Y) 

2 (5) 


131 5 

STX(Y) 

2 16) 


14) . 5 

3 STX(Y) (6I 


F 
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INH 
REL 
IMM 
EXT 
DIR 



Inherent 

Relative 

Immediate 

Extended 

Direct 



INDX(Y) Index X(Y| 



Mnemonic 


Page 


Opcode 


Byte* 


Cycles 


CPD 


3 


83 


4 


5 


3 


93 


3 


6 


3 


B3 


4 




3 


A3 


3 




4 


A3 


3 




CPY 


3 


AC 


3 




CPX 


4 


AC 


3 




LDY 


3 


EE 


3 


6 


LDX 


4 


EE 


3 


6 


STY 


3 


EF 


3 


6 


STX 


4 


EF 


3 


6 



Bytes (Y) • 
MNEMONIC. 
Bytes ■ 



(2) 
INX(Y) 
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(4). 



# Cycles 
• # Cycles (Y) 



X Y (Page 2 Opcode) 



CO 



MC68HC11A0 



ELECTRICAL SPECIFICATIONS 



MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


V D D 


-0.3 to +7.0 


V 


Input Voltage 


Vin 


-0.3 to +7.0 


V 


Operating Temperature Range 
MC68HC11A0 
MC68HC11A0V 
MC68HC11A0M 


ta 


T L to T H 
-40 to 85 
-40 to 105 
-40 to 125 


°c 


Storage Temperature Range 


T stg 


-55 to 150 


°c 


Current Drain per Pin* 
Excluding Vqd< v SS' v RH< and V RL 


ID 


25 


mA 



This device contains circuitry to protect the in- 
puts against damage due to high static voltages 
or electric fields; however, it is advised that nor- 
mal precautions be taken to avoid application of 
any voltage higher than maximum-rated volt- 
ages to this high-impedance circuit. Reliability 
of operation is enhanced if unused inputs are 
tied to an appropriate logic voltage level (e.g., 
either GND or Vdd)- 



*One pin at a time, observing maximum power dissipation limits. 



THERMAL CHARACTERISTICS 



Characteristic 


Symbol 


Value 


Unit 


Thermal Resistance 


0JA 




°C/W 


Plastic 52-Pin Quad Pack (PLCC) 


50 




Plastic 48-Pin Dual-ln-Line 




40 





POWER CONSIDERATIONS 

The average chip-junction temperature, Tj, in °C can 
be obtained from: 

Tj = T A +(PD-ejA) (U 

where: 

Ta = Ambient Temperature, °C 

6ja = Package Thermal Resistance, Junction-to- 

Ambient, °C/W 
PD =P|NT+P|/0 

PlNT = IDD x VdD» Watts — Chip Internal Power 
P|/0 = Power Dissipation on Input and Output Pins, 
Watts — User Determined 
For most applications P|/0<P|NT and can be neglected. 
The following is an approximate relationship between 



Pq and Tj (if P|/o is neglected): 

PD = K-(Tj+273°C) (2) 

Solving equations (1) and (2) for K gives: 

K = PD*(T A + 273 0 C) + ejA'PD 2 (3) 
where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring Pq 
(at equilibrium) for a known T A . Using this value of K, 
the values of Pq and Tj can be obtained by solving equa- 
tions (1) and (2) iteratively for any value of T A . 
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DC ELECTRICAL CHARACTERISTICS (Vdd = 5.0 Vdc± 10%, Vss = 0 Vdc, Ta=Tl to Th, unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Output Voltage All Outputs 
l|_oad= ± 10.0 (iA (see Note 1) All Outputs Except RESET and MODA 


vol 

VOH 


Vdd-o.1 


0.1 


V 


Output High Voltage All Outputs Except RESET, 
l|_oad= -0.8 mA, V DD = 4.5 V (see Note 1) XTAL, and MODA 


VOH 


v D d -o.8 


— 


V 


Output Low Voltage All Outputs Except XTAL 
l Load = 1 -6 mA 


vol 




0.4 


V 


Input High Voltage All Inputs Except RESET 

RESET 


V|H 


0.7 x vdd 
0.8 x Vdd 


Vdd 
vdd 


V 


Input Low Voltage All Inputs 


VlL 


vss 


0.2 x v D d 


V 


I/O Ports, Three-State Leakage PA7, PC0-PC7, PD0-PD5, 
Vin = V|H °r V| L AS/STRA, MODA/LIR, RESET 


lOZ 




±10 


|xA 


Input Current (see Note 2) 
Vin = VDD °r V SS PA0-PA2, IRQ, XIRQ 
Vin = Vqd or Vss MODB/VsTBY 


■in 




±1 

±10 


jiA 


RAM Standby Voltage Powerdown 


VSB 


4.0 


vdd 


V 


RAM Standby Current Powerdown 


'SB 




20 


|iA 


Total Supply Current (see Note 3) 
RUN: 
Single Chip 
Expanded Multiplexed 
WAIT: 

All Peripheral Functions Shut Down 
Single-Chip Mode 
Expanded Multiplexed Mode 

STOP: 

No Clocks, Single-Chip Mode 


<DD 
W|DD 

SlDD 


II III 


15 

27 

6 
10 

100 


mA 

m A 

mA 

mA 
mA 

\iA 


Input Capacitance PA0-PA2, PE0-PE7, IRQ, XIRQ, EXTAL 
PA7, PC0-PC7, PD0-PD5, AS/STRA, MODA/LIR, RESET 


Qn 




8 
12 


PF 


Power Dissipation Single-Chip Mode 

Expanded-Multiplexed Mode 


PD 




85 
150 


mW 



NOTES: 

1. Voh specification for RESET and MODA is not applicable because they are open-drain pins. Voh specification not applicable to 
ports C and D in wire-OR mode. 

2. See A/D specification for leakage current for port E. 

3. All ports configured as inputs, 

V|L«0.2 V, 
VlH^VDD -0.2 V, 
No dc loads, 

XTAL is driven with a square wave, and 
t cyc = 476.5 ns. 
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TEST . 
POINT 



EquMsnl T«« Load 



Hot 


R1 


R2 


CI 


PA3-PA7 
PB0-PB7 
PC0-PC7 
PD0.PD5 
E.AS.RW 


3.26K 


2.38K 


90pF 


PD1-PD4 


3.26K 


2.38K 


200pF 



CLOCKS, 
STROBES 



— V D0 ^ 



NPUTS 



■Vdd- 



0.4 Vote 



•vss- 



0.4 Vols 



-NOM.- 



V DO -0.8Vots 



-NOM.-» 



• — NOMINAL TIMING • 



OUTPUTS 



O.C. TESTING 



Xv5i 



V DD -0.8VoHs 
Volts 



• 70%o(V 



DD 



■20SolV DD 



CLOCKS. 
STROBES 



-V, 



DD 



N -20% of 



NPUTS 



OUTPUTS 



-v 0D - 
~vss- 



v D d 



Ii-70%oIV dd 
20%0'VpD;' 



-SPEC- 



|«— SPEC-W (SEE NOTE 2) 
— Vpn -OBVolls 



■20%olV 



"DD" 

do: 



-SPEC TIMING - 



— 0.4 Volts 



X70Not 
20% ol 



V 0 D 

vdd. 



A.C. TESTING 



NOTES: 

1. Full test loads are applied during all ac electrical test and ac timing measurements. 

2. During ac timing measurements, inputs are driven to 0.4 volts and Vdd -0 - 8 volts while timing measurements are taken at the 
20% and 70% of Vqd points. 



Figure 8. Test Methods 
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MC68HC11A0 



CONTROL TIMING (Vdd=5.0 Vdc± 10%, Vss = 0 Vdc, T A = T|_ to Th) 



Characteristic 


Symbol 


1.0 MHz 


2.0 MHz 


2.1 MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


Frequency of Operation 


fo 


□C 


1 n 

I.U 


dc 


2 0 


dc 


2.1 


MHz 


c uiock reriou 


tcyc 


1000 




500 




476 




ns 


Crystal Frequency 


fXTAL 




4.0 




8.0 




8.4 


MHz 


External Oscillator Frequency 


4f 0 


dc 


4.0 


dc 


8.0 


dc 


8.4 


MHz 


Processor Control Setup tpcs = 1/4 t C y C -50 ns 
Time (See Figures 10, 12, and12) 


tpcs 


200 


— 


75 


— 


69 


— 


ns 


Reset Input Pulse Width (To Guarantee External 
(see Note 1) Reset Vector) 
and Figure 10) (Minimum Input Time; 

May be Preempted by 
Internal Reset) 


PW RST l 


8 
1 


- 
- 


8 
1 


- 
- 


8 
1 


- 
- 


tcyc 


Mode Programming Setup Time 
(See Figure 10) 


tMPS 


2 




2 




2 




tcyc 


Mode Programming Hold Time 
(See Figure 10) 


tMPH 


0 




0 




0 




ns 


Interrupt Pulse Width, PW|rq =t cyc + 20 ns 
IRQ Edge Sensitive Mode 
(See Figure 11 and 13) 


PW|RQ 


1020 




520 




496 




ns 


Wait Recovery Startup Time 
(See Figure 12) 


tWRS 




4 




4 




4 


tcyc 


Timer Pulse Width PWTlM=tcyc + 20 ns 
Input Capture, Pulse Accumulator Input 
(See Figure 9) 


pw-tim 


1020 




520 




496 




ns 



NOTES: 



1. RESET will be recognized during the first clock cycle it is held low. Internal circuitry then drives the pin low for four clock cycles, 
releases the pin, and samples the pin level two cycles later to determine the source of the interrupt. See RESETS, INTERRUPT, 
AND LOW-POWER MODES for details. 

2. All timing is shown with respect to 20% Vqd and 70% Vqd unless otherwise noted. 



PAO - PA2 ' 
PAO-PA2 5 
PA7 1 ' 3 
PA7 2 ' 3 " 



J 
\ 



r *- f>W TIM _ *i 



\ / \ f~\_ 



NOTES: 

1. Rising edge sensitive input. 

2. Falling edge sensitive input. 

3. Maximum pulse accumulator clocking rate is E frequency divided by 2. 



Figure 9. Timer Inputs Timing Diagram 



MOTOROLA MICROPROCESSOR DATA 
3-1463 



MC68HC11A0 



DD 



EXTAL 




2 



-4064 t 



eye 



RESET 



V 



\ 



■pwrstl- 



*- 'MPS-* 



MOOA, M006 



1 



<MPH 




^^^^^^ 



NOTE: Refer to Table 9-7 for pin states during RESET 

Figure 10. POR External Reset Timing Diagram 



INTERNAL ~V/ 
CLOCKS 



IRQ 



I RQ, 
XIRQ 



*PVV|RQ- 



-JUL 



An noeee4 STOP V ST0P 



c STOP V STOP 
ADDRESS AOORESSA ADOHESStl 



'STOPDELAY* 



_U!JnjriJij v iJi_njTnji 



Resume program with instruction which loBows the STOP instruction. 



^X^Xsp.,p-7X sP-a X sp-8 YffiYg)^ 



NOTES: 

1. Edge sensitive IRQ pin (IRQE bit = 1 ) 

2. Level sensitive IRQ pin (IRQE bit = 0) 

3 - !SIDPDELAY=4064 tcy C if DLY bit= 1 or 4 t cyc if DLY = 0. 

4. XIQ wit h X b it inCCR = 1. 

5. IRQ or (XIRQ with X bit in CCR = 0. 



IRQ VECTOR 
(XIRQ VECTOR) 



Figure 11. Stop Recovery Timing Diagram 



MOTOROLA MICROPROCESSOR DATA 
3-1464 



MC68HC11A0 



IRQ, XIRQ, 
OR INTERNAL 
INTERRUPTS 



»PCS-^ k 




ADDRESS (^Y^C^ Y^Y SP. 2 ..\ S P^)(Ip7y SPb1s7T)(1p^ ^ 



R/W 



PCL PCH YUYRXUXH,A,B,CC 



V 



STACK REGISTERS 



»WRS" 



NOTES: 

1. Refer t o Table 9-7 for pin states during WAIT. 

2. RESET will also cause recovery from WAIT. 



Figure 12. WAIT Recovery from Interrupt Timing Diagram 



- LAST CYCLE OF AN INSTRUCTION 



uiiiJiJijriJijnLJT!^^ 



-*| Mpcs 

■'A { 



irq 2 ,: 

or internal 
interrupts 



"■PWlRQ- 



ADDRESS Y "I^Y N "I 



DATA 




- JLJULJLJUULJLJL^^ 

H 

r 



v 



NOTES. 

1. Edge sensitive IRQ pin (IRQE bit = 1 ) 

2. Level sensitive IRQ pin (IRQE bit = 0). 



Figure 13. Interrupt Timing Diagram 



MOTOROLA MICROPROCESSOR DATA 



MC68HC11A0 



MCU WRITE TO PORT • 



\ 



'PWD- 



13333$ , 



f 



PORTS 
B.C.D 



PORTA 



PREVIOUS PORT DATA 



NEW DATA VALID 





• — 1 PWD — ' 




PREVIOUS PORT DATA 


mm 


" NEW DATA VALID 



Figure 14. Port Write Timing Diagram 




MCU READ OF PORT- 



\ t' \ _y 



PORTS 
A.c'.D 



PORTE 



•- 'PDSU-» 



'PDSU-'J 



I*- 'PDH* 



^ I B- 



•" 'PDH - * 



NOTE1. For non-latched operation of Port C. 

Figure 15. Port Read Timing Diagram 



MCU WRITE TO PORT B 



\ i H / 



PWD" 



PORT B PREVIOUS PORT DATA 



NEW DATA VALID 



'DEB- 



STRB (OUT) 



Figure Iff. Simple Output Strobe Timing Diagram 



MOTOROLA MICROPROCESSOR DATA 
3-1466 



MC68HC11A0 



STRA (IN) 



PORTC(N) 



Jf 

•— 'is — np-'w - * 

- H H 

Figure 17. Simple Input Strobe Timing Diagram 



|< READ PORTCL 1 »j 



"ready* 



STRB (OUT) 

•-'aes-^ 

STRA (IN) ^ ? ' 

~'is-lr 'lH- 

PORTC(IN)— Y ^ 



-'deb-^ 



NOTES: 

1. After reading PIOC with STAF set. 

2. Figure shows rising edge STRA (EGA-1) and high true STRB (INVB = 1). 



-'deb-*< 




Figure 18. Port C Input Handshake Timing Diagram 



WRITE PORTCL 1 



E A / ) 


f ' 


t / 


•"'PWD— | 






PORTC YYYY 

(OUT) AAA/r 


N 




STRB (OUT) 


— — \ 

*" DEB "* * "READY" 

_J ' 


•-'deb-* 

V 


STRA (IN) 


'aes " H 




y— / 





NOTES: 

1. After reading PIOC with STAF set. 

2. Figure shows rising edge STRA (EGA= 1) and high true STRB (INVB = 1). 



Figure 19. Port C Output Handshake Timing Diagram 



MOTOROLA MICROPROCESSOR DATA 
3-1467 



MC68HC11A0 



|* — WRITE PORTCl 1 »j 

\_n_A_7T_r 



•"'PWD - * 



PORT C (OUT) " 
(DDR-1) 



be: 



STRB (OUT) 



STRA (IN) 



PCD 



'deb-* 



READY 



• a) STRA ACTIVE BEFORE PORTCL WRITE 



STRA (IN) 



PORT C (OUT) 
(DDR-1) 



V-v 



'PCD' 



I*-'aes-* 



J 



'PCH 



I'-'pcz-I 



'PCH 



VALID DATA 



•-'deb-* 



m 



'pcz-* 



• b) STRA ACTIVE AFTER PORTCL WRITE 



NOTES: 

1. After reading PIOC with STAF set. 

2. Figure shows rising edge STRA (EGA= 1) and high true STRB (INVB = 1). 



Figure 20. Three-State Variation of Output Handshake Timing Diagram 
(STRA Enables Output Buffer) 



MOTOROLA MICROPROCESSOR DATA 
3-1468 



MC68HC11A0 



PERIPHERAL PORT TIMING (V DD = 5.0 Vdc±10%, Vss = 0 Vdc, T A =T L to T H ) 



Characteristic 


Symbol 


1.0 MHz 


2.0 MHz 


2.1 MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


Frequency of Operation (E Clock Frequency) 


fo 


1.0 


1.0 


2.0 


2.0 


2.1 


2.1 


MHz 


E Clock Period 


tcyc 






500 




476 




ns 


Peripheral Dsta Setup Time 
(MCU Read of Ports A, C, D ( and E) 
(See Figure 14) 


tpDSU 


100 


— 


100 


- 


100 


— 




Peripheral Data Hold Time 
(MCU Read of Ports A, C, D, and E) 
(See Figure 14) 


tPDH 


OU 




50 




50 




ns 


Delay Time, Peripheral Data Write 
(See Figures 14, 15, 17, and 18) 
MCU Write to Port A 
MCU Writes to Ports B, C, and D 
tPWD = 1 /4 tcyc + 90 ns 


tPWD 


- 


150 
340 


- 


150 
215 


- 


150 
209 


ns 


Input Data Setup Time (Port C) 

IQqp Finn roc 1fi anH 17\ 
\ucc nyuico id emu i// 


t|S 


60 




60 




60 




ns 


Input Data Hold Time (Port C) 

(Quo Piniiroc 1£ anH 1*7\ 
rlyUiCo ID dllu I// 


t|H 


100 




100 




100 




ns 


Delay Time, E Fall to STRB 
tpgg = 1/4 t C y C + 100 ns 
(See Figure 15, 17, 18, and 19) 


*DEB 




350 




225 




219 


ns 


Setup Time, STRA Asserted to E Fall (see Note 1) 
(See Figures 17, 18, 19) 


tAES 


0 




0 




0 




ns 


Delay Time, STRA Asserted to Port C Data Output Valid 
(See Figure 19) 


tPCD 




100 




100 




100 


ns 


Hold Time, STRA Negated to Port C Data 
(See Figure 19) 


tPCH 


10 




10 




10 




ns 


Three-State Hold Time 
(See Figure 19) 


tpcz 




150 




150 




150 


ns 



NOTES: 

1. If this setup time is met, STRB will acknowledge in the next cycle. If it is not met, the response may be delayed one more cycle. 

2. Port C and D timing is valid for active drive (CWOM and DWOM bits not set in PIOC and SPCR registers respectively). 

3. All timing is shown with respect to 20% Vqd and 70% Vqd unless otherwise noted. 



MOTOROLA MICROPROCESSOR DATA 

3.1 ARQ 



MC68HC11A0 



A/D CONVERTER CHARACTERISTICS (V DD = 5.0 Vdc±10%, Vss = 0 Vdc, T A =T L to T H , 750 kHz sEs 2.1 MHz, 
unless otherwise noted) 



Characteristic 


Parameter 


Min 


Absolute 


Max 


Unit 


Resolution 


Number of Bits Resolved by the A/D 


8 






Bits 


Non-Linearity 


Maximum Deviation from the Ideal A/D Transfer 
Characteristics 


- 


- 


±1/2 


LSB 


Zero Error 


Difference Between the Output of an Ideal and an Actual 
A/D for Zero Input Voltage 


- 


- 


±1/2 


LSB 


Full-Scale Error 


Difference Between the Output of an Ideal and an Actual 
A/D for Full-Scale Input Voltage 


- 


- 


±1/2 


LSB 


Total Unadjusted Error 


Maximum Sum of Non-Linearity, Zero Error, and 
Full-Scale Error 






± 1/2 


LSB 


Quantization Error 


Uncertainty Due to Converter Resolution 






±1/2 


LSB 


Absolute Accuracy 


Difference Between the Actual Input Voltage and the 
Full-Scale Weighted Equivalent of the Binary Output 
Code, All Error Sources Included 


— 


— 


±1 


LSB 


Conversion Range 


Analog Input Voltage Range 


vrl 




Vrh 


V 


vrh 


Maximum Analog Reference Voltage (see Note 2) 


vrl 


_ 


VdD + 0.1 


V 


Vrl 


Minimum Analog Reference Voltage (see Note 2) 


vss-0.1 


- 


vrh 


V 


AVr 


Minimum Difference between Vrh and Vrl (see Note 2) 


3 


- 


- 


V 


Conversion Time 


Total Time to Perform a Single Analog-to-Digital 
Conversion: 

a. E Clock 

b. Internal RC Oscillator 




32 


'eye + 32 


tcyc 

|XS 


Monotonicity 


Conversion Result Never Decreases with an Increase in 
Input Voltage and has no Missing Codes 




Guaranteed 






Zero-Input Reading 


Conversion Result when V m = VRL 


00 


— 


— 


Hex 


Full-Scale Reading 


Conversion Result when Vj n = VRH 






FF 


Hex 


Sample Acquisition 
Time 


Analog Input Acquisition Sampling Time: 

a. E Clock 

b. Internal RC Oscillator 




12 


12 


tcyc 

(XS 


Sample/Hold 
Capacitance 


Input Capacitance during Sample PE0-PE7 




20 (Typ) 




PF 


Input Leakage 


Input Leakage on A/D Pins PE0-PE7 

V RL Vrh 






400 
1.0 


nA 
(iA 



NOTES: 



1. Source impedances greater than 10 Kfl will adversely affect accuracy, due mainly to input leakage. 

2. Performance verified down to 2.5 V AVr, but accuracy is tested and guaranteed at AVr = 5 V±10%. 



MOTOROLA MICROPROCESSOR DATA 
3-1470 



MC68HC11A0 



EXPANSION BUS TIMING (V DD = 5.0 Vdc± 10%, Vss = 0 Vdc, Ta=T l to T H , see Figure 21) 











1.0 MHz 


2.0 MHz 


2.1 MHz 




Num. 


Characteristic 




Symbol 


Min 


Max 


Min 


Max 


Min 


Max 


Unit 




Frequency of Operation (E Clock Frequency) 


4 

'0 


1.0 


1.0 


2.0 


2.0 


2.1 


2.1 


MHz 


1 


Cycle Time 


tcyc 


1000 


— 


500 


— 


476 


— 


ns 


2 


Pulse Width, E Low 
PWEL=1/2t cyc -23 ns 


PW EL 


477 


— 


227 


— 


215 


— 


ns 


3 


Pulse Width, E High 
PW EH = 1/2 t cvc -28 ns 


PWeh 


472 


- 


222 


- 


210 


- 


ns 


4 


E and AS Rise and Fall Time 


t r , tf 


- 


20 


- 


20 


- 


20 




9 


Address Hold Time 
tAH = 1/8 W-29.5 ns 


see Note 1(a) 


t A H 


95.5 




33 




30 




ns 


12 


Non-Muxed Address Valid Time to E Rise 
tAV = pw EL-( t ASD + 80 ns > see Note K b > 


*AV 


281.5 


" 


94 




85 




is 


17 


Read Data Setup Time 


tDSR 


30 




30 




30 




ns 


18 


Read Data Hold Time (Max = tMAD> 


tDHR 


10 


145.5 


10 


83 


10 


80 


ns 


19 


Write Data Delay Time 
tDDW = 1/8 t C yc + 65.5 ns 


see Note 1(a) 


l DDW 


- 


190.5 


- 


128 


- 


125 


ns 


21 


Write Data Hold Time 
t DHW= 1/8 t cvc -29.5 ns 


see Note 1(a) 


l DHW 


95.5 


- 


33 


- 


30 


- 


ns 


22 


Muxed Address Valid Time to E Rise 
tAVM = PW EL-( t ASD + 9 0 n s) see Note Kb) 


tAVM 


271.5 


- 


84 


- 


75 


- 


ns 


24 


Muxed Address Valid Time to AS Fall 
_ t A SL = PWASH-70 ns 


tASL 


151 


- 


26 


- 


20 


- 


ns 


25 


Muxed Address Hold Time 
tAHL= 1/ 8 t cvc -29 5 ns 


see Note 1(b) 


tAHL 


95.5 


- 


33 


- 


30 


- 


ns 


26 


Delay Time, E to AS Rise 
tASD = 1/8 t cvc -9.5 ns 


see Note 1(a) 


tASD 


115.5 


— 


53 


— 


50 


— 


ns 


27 


Pulse Width, AS High 
PWASH = 1/4t cvc -29 ns 


pwash 


221 




96 




90 




ns 


28 


Delay Time, AS to E Rise 
t ASED = 1/8 t cyc -9.5 ns 


see Note Kb) 


tASED 


115.5 




53 




50 




ns 


29 


MPU Address Access Time see note 1(b) 
tACCA = tAVM + tr + PW E H -t DSR 


tACCA 


733.5 




296 




275 




ns 


35 


MPU Access Time 
l ACCE = P w EH-tDSR 


tACCE 




442 




192 




180 


ns 


36 


Muxed Address Delay 
(Previous Cycle MPU Read) 
tMAD = tASD + 30 ns 


see Note 1(a) 


tMAD 


145.5 




83 




80 




ns 



NOTES: 

1. Input clocks with duty cycles other than 50% will affect bus performance. Timing parameters affected by input clock duty cycle 
are identified by (a) and (b). To recalculate the approximate bus timing values, substitute the following expressions in place of 
1/8 t C y C in the above formulas where applicable: 

(a) (1-DC)x1/4t cyc 

(b) DCx1/4t cyc 
Where: 

DC is the decimal value of duty cycle percentage (high time) 

2. All timing is shown with respect to 20% Vdd an d 70% Vqd unless otherwise noted. 



MOTOROLA MICROPROCESSOR DATA 
3-1471 



MC68HC11A0 



SERIAL PERIPHERAL INTERFACE (SPI) TIMING (V DD = 5.0 Vdc± 10%, Vss = 0 Vdc, T A = T L to Tr, see Figure 22) 



Num. 


Characteristic 


Symbol 


Min 


Max 


Unit 




Operating Frequency 
Master 
Slave 


fop(m) 
f op(s) 


dc 
dc 


0.5 
2.1 


^op 
MHz 


1 


Cycle Time 
Master 
Slave 


tcyc(m) 
tcvc(s) 


2.0 
480 




tcyc 
ns 


2 


Enable Lead Time 
Master 
Slave 


Meaaim) 
t|ead(s) 


240 




ns 
ns 


3 


Enable Lag Time 
Master 
Slave 


t|ag(m) 
tlag(s) 


240 


— 


ns 
ns 


4 


Clock (SCK) High Time 
Master 
Slave 


tw(SCKH)s 


340 
190 




ns 
ns 


5 


Clock (SCK) Low Time 
Master 
Slave 


tw(SCKL)s 


340 
190 


— 


ns 
ns 


6 


Data Setup Time (Inputs) 
Master 
Slave 


tsu(m) 
tsu(s) 


100 
100 





ns 
ns 


7 


Data Hold Time (Inputs) 
Master 
Slave 


<h(m) 


100 
100 


— 


ns 
ns 


8 


Access Time (Time to Data Active from High-Impedance State) 
Slave 


t a 


0 


120 


ns 


9 


Disable Time (Hold Time to High-Impedance State) 
Slave 


tdis 


- 


240 


ns 


10 


Data Valid (After Enable Edge)** 


tv(s) 




240 


ns 


11 


Data Hold Time (Outputs) (After Enable Edge) 


tho 


0 




ns 


12 


Rise Time (20% Vqd to 70% Vdd- C[_ = 200 pF) 
SPI Outputs (SCK, MOSI, and MISO) 
SPI Inputs (SCK, MOSI, MISO, and SS) 


{ rm 
trs 




100 
2.0 


ns 

|i.S 


13 


Fall Time (70% Vqd to 20% Vqd. C|_ = 200 pF) 
SPI Outputs (SCK, MOSI, and MISO) 
SPI Inputs (SCK, MOSI, MISO, and SS) 


tfm 
tfs 




100 
2.0 


ns 

M.S 



*Signal production depends on software. 
**Assumes 200 pF load on all SPI pins. 
NOTE: 

1. All timing is shown with respect to 20% Vqd a" 10 " 70% Vqd unless otherwise noted. 



MOTOROLA MICROPROCESSOR DATA 
3-1472 



MC68HC11A0 



R/ff. ADDRESS 
(NON-MUX) 



ADDRESS/DATA 
(MULTIPLEXED) 



AS 



READ 



WRITE 



-©- 



•©- 



2E? 

•— @ — » 



+® • 



"<3> 



]3B 



f© 



32 



NOTE: Measurement points shown are 20% and 70% Vqq. 

Figure 21. Expansion Bus Timing Diagram 



MOTOROLA MICROPROCESSOR DATA 
3-1473 



MC68HC11A0 



(INPUT) 



55bHaMWghonMt«tar 



SCK (CPOL.0) SEE 
(OUTPUT) N OTE 



SCK 
(OUTI 



MISO 
(INPUT) 



MOSI 
(OUTPUT) 



*<£HKZ>* 
v 



MSB IN 



*<0) 



MASTER MSB OUT 



LSBIN ~y 



BIT6----1 

— s— 



MASTER LSB OUT 



NOTE: This first dock adga b generated inlernalfy but b not Man ai the SCK pin. 

a) SPI MASTER TIMING (CPHA = 0) 



55 

(INPUT) 



SCK (CPOL-0) 
" TPIT 



5S~ is How Hiflh on Master 



(OUTPUT) 



SCK (CPOL-1) 
(OUTPUT) 



MISO 
(INPUT) 



MOSI 
(OUTPUT) 



(WW))* 



MSB IN y 



MASTER MSB OUT 



- < "-j > 



BIT6— -1 

V— 



{ " LSBIN [ 



SEE 
i NOTE 



MASTER LSB OUT 



NOTE: This last dock edge is generated inlamally but is not seen at tha SCK pin. 

b) SPI MASTER TIMING (CPHA = 1) 



Figure 22. SPI Timing Diagrams (Sheet 1 of 2) 



MOTOROLA MICROPROCESSOR DATA 
3-1474 



MC68HC11A0 



(INPUT) 



SCK" (CPOL.0) 
(INPUT) 



SCK (CPOL-1) 
(INPUT) 



MISO 
(OUTPUT) 



Jr 



-©- 



-KD 



SLAVE 



MOSI 
(INPUT) 



MSB OUT 



HO) -I k® 



X 



BIT6----1 



<D- 



X 



SLAVE LSB OUT 



<3> 



(' MSB IN S f ^ BIT6--T"^ ^ LSB IN ^ 



NOTE. Not defined but normally MSB of character just received 

c) SPI SLAVE TIMING (CPHA = 0) 



55 

(INPUT) 



SCK (CPOL.0) 
(INPUT) 



SCK (CPOL-1) 
(INPUT) 



Jr 



MISO 
(OUTPUT) 



S : NOTE / c 



MOSI 
(INPUT) 



BIT6----1 

-V 



\ l MSB IN *f ^ BIT6---Q ^ ^ LSB IN 



(5> 



K3> 



-(3) — . 



*<T5) -IKg) ©-H |- 



SLAVE LSB OUT 



NOTE. Not defined but normally LSB of character previously transmitted 

d) SPI SLAVE TIMING (CPHA = 1) 



Figure 22. SPI Timing Diagrams (Sheet 2 of 2) 



MOTOROLA MICROPROCESSOR DATA 
3-1475 



MC68HC11A0 



ORDERING INFORMATION 

The following table provides ordering information 
pertaining to the package type, temperature, and MC part 



numbers for the MC68HC11A8 HCMOS single-chip 
microcontroller devices. 



Package Type 


Temperature 


CONF 


Description 


MC Part Number 


Plastic 
(P Suffix) 


-40" to +85°C 


soc 


No ROM, No EEPROM 


MC68HC11A0P 


PLCC 
(FN Suffix) 


-40° to + 85X 


$oc 


No ROM, No EEPROM 


MC68HC1 1A0FN 



PIN ASSIGNMENTS 



48-Pin Dual-in-Line Package 



52-Lead Quad Package 



PA7 


r 
I 


I 


W 4ft 

— 48 


J v 0D 


PA6 


r 
L 


1 

z 


117 

47 


] P05 


PA5 


r 
L 


3 


AO 

46 


] PD4 


PA4 


[ 


4 


45 


] P03 


PA3 


C 


5 


44 


] PD2 


PA2 


[ 


6 


43 


] P01 


PA1 


I 


7 


42 


] PD0 


PAO 


I 


8 


41 


] IRQ 


PB7 


[ 


9 


40 


] XiRO 


PB6 


c 


10 


39 


] RESIT 


PB5 


[ 


11 


38 


] PC 7 


PB4 


[ 


12 


37 


] PC6 


PB3 


[ 


13 


36 


] PC 5 


PB2 


[ 


14 


35 


]PC4 


PB1 


[ 


IS 


34 


]PC3 


PBO 


[ 


16 


33 


] PC 2 


PEO 


[ 


17 


32 


]PC1 


PE1 


[ 


18 


31 


] PC0 


PE2 


[ 


19 


30 


] XTAL 


PE3 
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Technical Summary 

8-Bit Microcontroller Unit 

The MC68HC11A1 high density CMOS (HCMOS) microcontroller unit (MCU) contains highly so- 
phisticated on-chip peripheral capabilities. This high-speed and low-power MCU has a nominal bus 
speed of two megahertz, and the fully static design allows operations at frequencies down to dc. 
This publication contains condensed information on the MCU; for detailed information, refer to Ad- 
vance Information Manual, HCMOS Single-Chip Microcontroller (MC68HC11A8/D), M68HC11 HCMOS 
Single-Chip Microcontroller Programmer's Reference Manual (M68HC11RM/AD) or contact your lo- 
cal Motorola sales office. 

Refer to the block diagram for the hardware features and to the list below for additional features 
available on the MCU. 

• Enhanced 16-Bit Timer System with Four-Stage Programmable Prescaler 

• Power Saving STOP and WAIT Modes 

• Serial Peripheral Interface (SPI) 

• Enhanced NRZ Serial Communications Interface (SCI) 

• 8-Bit Pulse Accumulator Circuit 
o Bit Test and Branch Instructions 

• Real-Time Interrupt Circuit 

• 512 Bytes of EEPROM 

• 256 Bytes of Static RAM 

o Eight-Channel 8-Bit AID Converter 
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This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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OPERATING MODES 

The MCU uses two dedicated pins (MODA and MODB) 
to select one of two basic operating modes or one of two 
special operating modes. The basic operating modes are 
single-chip and expanded-multiplexed; the special op- 
erating modes are bootstrap and special test. The follow- 
ing paragrphs describe the different modes. 

SINGLE-CHIP MODE 

In this mode, the MCU functions as a self-contained 
microcontroller and has no external address or data bus. 
This mode provides maximum use of the pins for on- 
chip peripheral functions, and all address and data activ- 
ity occur within the MCU. This mode would not normally 
be used on the MC68HC1 1A1, because of no internal ROM. 

EXPANDED MULTIPLEXED MODE 

In this mode, the MCU can address up to 64K bytes of 
address space. Higher-order address bits are output on 
the port B pins, and lower-order address bits and the data 
bus are mutliplexed on the port C pins. The AS pin pro- 
vides the control output used in_demultiplexing the low- 
order address at port C. The R/W pin is used to control 
the direction of data transfer on port C bus. 

BOOTSTRAP MODE 

In this mode, all vectors are fetched from the 192-byte 
on-chip bootloader ROM. This mode is very versatile and 
can be used for such functions as test and diagnostics 
on completed modules and for programming the 
EEPROM. The serial receive logic is initialized by software 
in the bootloader ROM, which provides program control 
for the serial communications interface (SCI) baud and 
word format. In this mode, a special control bit is con- 
figured that allows for self-testing of the MCU. This mode 
can be changed to other modes under program control. 

TEST MODE 

This mode is primarily intended for main production 
at time of manufacture; however, it may be used to pro- 
gram calibration or personality data into the internal EE- 
PROM. In this mode, a special control bit is configured 
to permit access to a number of special test control bits. 
This mode can be changed to other modes under pro- 
gram control. 



SIGNAL DESCRIPTION 

V DD AND V S S 

Power is supplied to the microcontroller using these 
two pins. Vqd is +5 volts (±0.5V) power, and Vss ' s 
ground. 



RESET 

This active low bidirectional control pin is used as an 
input to initialize the MCU to a known startup state and 



as an open-drain output to indicate that an internal failure 
has been detected in either the clock monitor or the com- 
puter operating properly (COP) circuit. 

XTAL, EXTAL 

These pins provide the interface for either a crystal or 
a CMOS-compatible clock to control the internal clock 
generator circuitry. The frequency applied shall be four 
times higher than the desired clock rate. Refer to Figure 
1 for crystal and clock connections. 

E 

This pin provides an output for the internally generated 
E clock, which can be used for timing reference. The fre- 
quency of the E output is one-fourth that of the input 
frequency at the XTAL and EXTAL pins. 

IRQ 

This pin provides the capability for asynchronously ap- 
plying interrupts to the MCU. Either negative edge-sen- 
sitive or level-sensitive triggering is program selectable. 
This pin is configured to level sensitive during reset. An 
external resistor connected to Vqd ' s required on IRQ. 

XIRQ 

This pin provides the capability for asynchronously ap- 
plying non-maskable interrupts to the MCU after a power- 
on reset (POR). During reset, the X bit in the condition 
code register is set, and any interrupt is masked until 
enabled by software. This input is level-sensitive and re- 
quires an extenal pullup resistor to Vqq. 

MODA/LlR AND MODB/V stby 

During reset, these pins are used to control the two 
basic operating modes and the two special operating 
modes. The LIR output can be used as an aid in debug- 
ging once reset is completed. The open-drain LIR pin goes 
to an active low during the first E-clock cycle of each 
instruction and remains low for the duration of that cycle. 
The mode selections are shown below. 
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1 


Special Test 



VRL and V RH 

These pins provide the reference voltage for the A/D 
converter. 

R/W/STRB 

This pin provides two different functions, depending 
on the operating mode. In single-chip mode, the pin pro- 
vides STRB (output strobe) function; in the expanded- 
multiplexed mode, it provides R/W (read-write) function. 
The R/W is used to control the direction of transfers on 
the external data bus. 
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Figure 1. Oscillator Collections 



AS/STRA 

This pin provides two different functions depending on 
the operating mode. In single-chip mode, the pin pro- 
vides STRA (input strobe) function, and in the expanded- 
multiplexed mode, it provides AS (address strobe) func- 
tion. The AS may be used to demultiplex the address and 
data signals at port C. 

INPUT/OUTPUT LINES (PA0-PA7, PB0-PB7, PC0-PC7, 
PD0-PD5, PE0-PE7) 

These I/O lines are arranged into four 8-bit potts (A, B, 
C, and E) and one 6-bit port (D). All ports serve more than 
one purpose depending on the operating mode. Table 1 
lists a summary of the pin functions to operating modes. 
Refer to INPUT/OUTPUT PORTS for additional informa- 
tion. 



INPUT/OUTPUT PORTS 

Port functions are controlled by the particular mode 
selected. In the single-chip mode and bootstrap mode, 
four ports are configured as parallel I/O data ports and 
port E can be used for general-purpose static inputs and/ 
or analog-to-digital converter channel inputs. In the ex- 
panded-multiplexed mode and test mode, ports B, C, AS, 
and R/W are configured as a memory expansion bus. 
Table 1 lists the different port signals available. The fol- 
lowing paragraphs describe each port. 



PORTA 

In all operating modes, port A may be configured for 
three input capture functions; four output compare func- 
tions; and pulse accumulator input (PAI) or a fifth output 
compare function. Each input capture pin provides for a 
transitional input, which is used to latch a timer value 
into the 16-bit input capture register. External devices 
provide the transitional inputs, and internal decoders de- 
termine which input transition edge is sensed. The output 
compare pins provide an output whenever a match is 
made between the value in the free-running counter (in 
the timer system) and a value loaded into the particular 
16-bit output compare register. When port A bit 7 is con- 
figured as a PAI, the external input pulses are applied to 
the pulse accumulator system. The remaining port A lines 
may be used as general-purpose input or output lines. 

PORT B 

In the single-chip mode, all port B pins are general- 
purpose output pins. Port B may also be used in a simple 
strobed output mode where the STRB pulses each time 
port B is written. In the expanded-multiplexed mode, all 
of the port B pins act as high-order (bits 8-15) address 
output pins. 

PORTC 

In the single-chip mode, port C pins are general-pur- 
pose input/output pins. Port C inputs can be latched by 
the STRA or may be used in full handshake modes of 
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Table 1. Port Signal Functions 
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##Not Bonded in 48-Pin Versions 



parallel I/O where the STRA input and STRB output acts 
as handshake control lines. In the expanded-multiplexed 
mode, port C pins are configured as multiplexed address/ 
data pins. During the address cycle, bits 0 through 7 of 
the address are output on PC0-PC7; during the data cycle, 
bits 0 through 7 (PC0-PC7) are bidirectional data pins 
controlled by the R/W signal. 

PORT D 

In all modes, port D bits 0-5 may be used for general- 
purpose I/O or with the serial communications interface 
(SCI) and serial peripheral interface (SPI) subsystems. Bit 
0 is the receive data input, and bit 1 is the transmit 'data 



output for the SCI. Bits 2 through 5 are used by the SPI 
subsystem. 

PORTE 

Port E is used for general-purpose static inputs and/or 
analog-to-digital channel inputs in all operating modes. 
Port E should not be read as static inputs while an A/D 
conversion is actually taking place. 



MEMORY 

The memory maps for each mode of operation, a sin- 
gle-chip, expanded-multiplexed, special boot, and special 
test is shown in Figure 2. In the single-chip mode, the 
MCU does not generate external addresses. The internal 
memory locations are shown in the shaded areas, and 
the contents of the shaded areas are shown on the right 
side of the diagram. In the expanded-multiplexed mode, 
the memory locations are basically the same as the sin- 
gle-chip, except the memory locations between the shaded 
areas (EXT) are for externally addressed memory and 1/ 
0. The special bootstrap mode is similar to the single- 
chip mode, except the bootstrap program ROM is located 
at memory locations $BF40 through $BFFF. The special 
test mode is similar to the expanded-multiplexed mode, 
except the interrupt vectors are at external memory lo- 
cations. 



REGISTERS 

The MCU contains the registers described in the fol- 
lowing paragraphs. 

ACCUMULATOR A AND B 

These accumulators are general-purpose 8-bit registers 
used to hold operands and results of arithmetic calcu- 
lations or data manipulations. These two accumulators 
are treated as a single, double-byte accumulator called 
the D accumulator for some instructions. 
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INDEX REGISTER X (IX) 

This index register is a 16-bit register used for the in- 
dexed addressing mode. It provides a 16-bit value that 
may be added to an 8-bit offset provided in an instruction 
to create an effective address. The index register may 
also be used either as a counter or a temporary storage 
area. 



15 IX 0 



INDEX REGISTER Y (IY) 

This index register is an 16-bit register used for the 
indexed addressing mode similar to the IX register; how- 
ever, most instructions using the IY register are two-byte 
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1. Either or both the internal RAM and registers can be remapped to any 4K boundary by software. 

2. The EEPROM can be disabled using a control register (CONFIG), which is implemented with EEPROM cells. 
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Figure 2. Memory Map (Sheet 1 of 3) 
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opcodes and require an extra byte of machine code and 
an extra cycle of execution time. The index register may 
also be used as a counter or a temporary storage area. 



IY 



PROGRAM COUNTER (PC) 

The program counter is a 16-bit register that contains 
the address of the next byte to be fetched. 



STACK POINTER (SP) 

The stack pointer is a 16-bit register that contains the 
address of the next free location on the stack. The stack 
is configured as a sequence of last-in-first-out read/write 
registers, which allow important data to be stored during 
interrupts and subroutine calls. Each time a new byte is 
added to the stack, the SP is decremented; each time a 
byte is removed, the SP is incremented. The address con- 
tained in the SP also indicates the location at which the 
accumulators A and B and registers IX and IY can be 
stored during certain instructions. 
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CONDITION CODE REGISTER (CCR) 

The condition code register is an 8-bit register in which 
each bit is used to indicate the results of the instruction 
just executed. These bits can be individually tested by a 
program, and specific actions can be taken as a result of 
their state. Each bit is explained in the following para- 
graphs. 

7 0 
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Carry/Borrow (C) 

When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during 
shift and rotate instructions. 

Overflow (V) 

The overflow bit is set if an arithmetic overflow oc- 
curred as a result of the operation; otherwise, the V bit 
is cleared. 

Zero (Z) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 

Negative (N) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative 
(the MSB of the result is a logic one). 

Interrupt (I) 

This bit is set either by hardware or program instruction 
to disable (mask) all maskable interrupt sources (both 
external and internal). 

Half Carry (H) 

This bit is set during ADD, ABA, and ADC operations 
to indicate that a carry occurred between bits 3 and 4. 
This bit is mainly useful in BCD calculations. 

X Interrupt Mask (X) 

This mask bit is set only by hardware (reset or XIRQ) 
and is cleared only by program instruction (TAP or RTI). 

Stop Disable (S) 

This bit, under program control, is set to disable the 
STOP instruction, and is cleared to enable the STOP in- 
struction. The STOP instruction is treated as no operation 
(NOP) if the S bit is set. 



RESETS 

The MCU c an be reset four ways: 1 ) an active low input 
to the RESET pin; 2) a power-on reset function; 3) a com- 
puter operating properly (COP) wat chdog- timer timeout; 
and 4) a clock monitor failure. The RESET in put con sists 
mainly of a Schmitt trigger that senses the RESET line 
logic level. 



RESET PIN 

To request an external reset, the RESET pin must be 
held low for eight E cvc (two E C y C if no distinction is needed 
between internal and external resets). To prevent the 
EEPROM contents from being corrupted during power 
transitions, the reset line should be held low while Vqd 
is below its minimum operating level. A low voltage in- 
hibit (LVI) circuit is required to protect EEPROM from 
corruption as shown in Figure 3. 

POWER-ON RESET (POR) 

Power-on reset occurs when a positive transition is 
detected on VqD- The power-on reset is used strictly for 
power turn-on conditions and should not be used to de- 
tect an y drop in the power supply voltage. If the external 
RESET pin is low at the end of the power-on dela y time, 
the processor remains in the reset condition until RESET 
goes high. 

COMPUTER OPERATING PROPERLY (COP) RESET 

The MCU contains a watchdog timer that automatically 
times out if not reset within a specific time by a program 
reset sequence. If the COP watchdog timer is allowed to 
timeout, a reset is generated, which drives the RESET pin 
low to reset the MCU and the external system. 

The COP reset function can be enabled or disabled by 
setting the control bit in an EEPROM cell of the system 
configuration register. Once programmed, this control bit 
remains set (or cleared) even when no power is applied, 
and the COP function is enabled or disabled independent 
of resident software. Protected control bits (CR1 and CRO), 
in the configuration options register, allow the user to 
select one of four COP timeout rates. Table 2 shows the 
relationship between CR1 and CRO and the COP timeout 
period for various system clock frequencies. 

CLOCK MONITOR RESET 

The MCU contains a clock monitor circuit which meas- 
ures the E clock input frequency. If the E clock input rate 
is above 200 kHz, then the clock monitor does not gen- 
erate a MCU reset. If the E clock signal is lost or its fre- 
quency fal[sbe[ow 10 kHz, then a MCU reset is generated, 
and the RESET pin is driven low to reset the external 
system. 

The clock monitor reset can be enabled or disabled by 
a read-write control bit (CME) in the system configuration 
options register. 



INTERRUPTS 

There are seventeen hardware and one software in- 
terrupts (excluding reset type interrupts) that can be gen- 
erated from all the possible sources. These interrupts can 
be divided into two categories, maskable and non-mask- 
able. Fifteen of the interrupts can be masked with the 
condition code register I bit. All the on-chip interrupts are 
individually maskable by local control bits. The sof tware 
interrupt is non-maskable. The external input to the XIRQ 
pin is considered a non-maskable interrupt because, once 
enabled, it cannot be masked by software; however, it is 
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Figure 3. Typical LVI Reset Circuits 



Table 2. COP Timeout Periods 



CR1 


CRO 


E/2« 
Divided 
By 


XTAL=2 23 
Timeout 
-1/+15.6 ms 


XTAL = 8.0 MHz 
Timeout 
-0/+16.4 ms 


XTAL=4.9152 MHz 
Timeout 
-0/ + 26.7 ms 


XTAL = 4.0 MHz 
Timeout 
-0/+32.8 ms 


XTAL= 3.6864 MHz 
Timeout 
-0/ + 35.6 ms 


0 


0 


1 


15 625 ms 


16.384 ms 


26.667 ms 


32.768 ms 


35.556 ms 


0 


1 


4 


62.5 ms 


65.536 ms 


106.67 ms 


131.07 ms 


142.22 ms 


1 


0 


16 


250 ms 


262.14 ms 


426.67 ms 


524.29 ms 


568.89 ms 


1 


1 


64 


1 s 


1.049 s 


1.707 s 


2.1 s 


2.276 s 






E = 


2.1 MHz 


2.0 MHz 


1.2288 MHz 


1.0 MHz 


921.6 kHz 
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ma sked d uring reset and upon receipt of an interrupt at 
the XIRQ pin. The last interrupt, illegal opcode, is also a 
non-maskable interrupt. Table 3 provides a list of each 
interrupt, its vector location in ROM, and the actual con- 
dition code and control bits that mask it. Figure 4 shows 
the interrupt stacking order. 





STACK 


SP 


PCL 


SP-1 


PCH 


SP-2 


IYL 


SP-3 


IYH 


SP-4 


IXL 


SP-5 


IXH 


SPB 


ACCA 


SP-7 


ACCB 


SP-8 


CCR 


SP-9 





— SP BEFORE INTERRUPT 



— SP AFTER INTERRUPT 



Figure 4. Stacking Order 



SOFTWARE INTERRUPT (SWI) 

The SWI is executed the same as any other instruction 
and will take precedence over interrupts only if the other 
interrupts are masked (I and X bits in the CCR set). The 
SWI execution is similar to the maskable interrupts such 
as setting the I bit, CPU registers are stacked, etc. 

NOTE 

The SWI instruction cannot be fetched as long as 
another interrupt is pending execution. However, 
once fetched, no other interrupt can be honored 
until the first instruction in the SWI service routine 
is completed. 

ILLEGAL OPCODE TRAP 

Since not all possible opcodes or opcode sequences 
are defined, an illegal opcode detection circuit has been 
included in the MCU. When an illegal opcode is detected, 
an interrupt is requested to the illegal opcode vector. 

REAL-TIME INTERRUPT 

The real-time interrupt provides a programmable pe- 
riodic interrupt. This interrupt is maskable by either the 



Table 3. Interrupt Vector Assignments 



Vector 
Address 


Interrupt Source 


CC 

Register Mask 


Local Mask 


FFCO, C1 


Reserved 






FFD4, D5, 
FFD6, D7 


Reserved 

SCI Serial System 

Receive Data Register Full 

Receive Overrun 

Idle Line Detect 

Transmit Data Register Empty 

Transmit Complete 


1 Bit 


RIE 
RIE 
IDE 
TIE 
TCIE 


FFD8, D9 
FFDA, DB 
FFDC, DD 
FFDE, DF 


SPI Serial Transfer Complete 
Pulse Accumulator Input Edge 
Pulse Accumulator Overflow 
Timer Overflow 


1 Bit 
1 Bit 
1 Bit 
1 Bit 


SPIE 
PAN 
PAOVI 
TOI 


FFEO, E1 
FFE2, E3 
FFE4, E5 
FFE6, E7 


Timer Output Compare 5 
Timer Output Compare 4 
Timer Output Compare 3 
Timer Output Compare 2 


1 Bit 
1 Bit 
1 Bit 
1 Bit 


OC5I 
OC4I 
OC3I 
OC2I 


FFE8, E9 
FFEA, EB 
FFEC, ED 
FFEE, EF 


Timer Output Compare 1 
Timer Input Capture 3 
Timer Input Capture 2 
Timer Input Capture 1 


1 Bit 
1 Bit 
1 Bit 
1 Bit 


OC1I 
OC3I 
OC2I 
OC1I 


FFFO, F1 
FFF2, F3 

FFF4, F5 
FFF6, F7 


Real-Time Interrupt 

IRQ (External Pin or Parallel I/O) 

External Pin 

Parallel I/O Handshake 
XIRQ Pin (Pseudo Non-Maskable Interrupt) 
SWI 


1 Bit 
1 Bit 

X Bit 
None 


RTII 

None 
STAI 
None 
None 


FFF8, F9 
FFFA, FB 
FFFC, FD 
FFFE, FF 


Illegal Opcode Trap 

COP Failure (Reset) 

COP Clock Monitor Fail (Reset) 

RESET 


None 
None 
None 
None 


None 
NOCOP 
CME 
None 
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I bit in the CCR or the RTII control bit. The rate is based 
on the MCU E clock and is software selectable to be E/ 
2 13 , E/2 14 , E/2 15 , or E/2 16 . 



LOW-POWER MODES 

The MCU contains two programmable low-power op- 
erating modes: stop and wait. In the wait mode, the on- 
chip oscillator remains active; in the stop mode, the os- 
cillator is stopped. The following paragraphs describe the 
two low-power modes. 

STOP 

The STOP instruction places the MCU in its lowest power 
consumption mode, provided the S bit in the CCR is clear. 
In this mode, all clocks are stopped, thereby halting all 
internal processing. 

To exit the sto p mode, a low level must be applied to 
either IRQ, XIRQ or RESET. An external interrupt used at 
IRQ is only efective if the I bit in the CCR is clear. An 
external interrupt applied at the XIRQ input would be 
effective regardless of the X-bit setting in the CCR; how- 
ever, the actual recovery sequence differs, depending on 
the X-bit setting. If the X bit is clear, the MCU starts with 
the stack ing sequence leading to the normal service of 
the XIRQ request . If th e X bit is set, the processing will 
continue (if no XIRQ interrupt service routine is re- 
quested) with the instruction immedi ately fo llowing the 
STOP instruction. A low input to the RESET pin will al- 
ways result in an exit from the stop mode, and the start 
of MCU operations is determined by the reset vector. 

If the internal oscillator is being used, a restart delay 
is required to allow the oscillator to stabilize when exiting 
the stop mode. If a stable external oscillator is being used, 
a control bit in the OPTION register may be used (cleared) 
to byp ass the delay. If the control bit is clear, then the 
RESET pin would not normally be used for exiting the 
stop mode. In this case, the reset sequence sets the delay 
control bit, and the restart delay will be imposed. 

WAIT 

The WAIT instruction places the MCU in a low-power 
consumption mode, but the WAIT mode consumes slightly 
more power than the STOP mode. In the WAIT mode, the 
oscillator is kept running. Upon execution of the WAIT 
instruction, the machine state is stacked and program 
execution stops. The w ait state can only be exited by an 
unmasked interrupt or RESET. If the I bit is set and the 
COP is disabled, the timer system will be turned off to 
further reduce power consumption. The amount of power 
savings is application dependent and depends upon cir- 
cuitry connected to the MCU pins and upon subsystems 
(i.e., timer, SPI, SCI) that are active when the WAIT mode 
is entered. Turning off the A/D subsystem by clearing 
ADPU further reduces WAIT-mode current. 



PROGRAMMABLE TIMER 

The timer system uses a "time-of-day" approach in that 
all timing functions are related to a single 16-bit free- 
running counter. The free-running counter is clocked by 



the output of a programmable prescaler (divide by 1, 4, 
8, or 16), which is, in turn, clocked by the MCU E clock. 
The free-running counter can be read by software at any 
time without affecting its value because it is clocked and 
read on opposite half cycles of the E clock. The counter 
is cleared on reset and is a read-only register. The counter 
repeats every 65,536 counts, and when the count changes 
from $FFFF to $0000, a timer overflow flag bit is set. The 
overflow flag also generates an internal interrupt if the 
overflow interrupt enable bit is set. The timer has three 
input capture and five output compare functions. The 
functions and registers of the timer are explained in the 
following paragraphs. 

INPUT CAPTURE FUNCTION 

There are three 16-bit read-only input capture registers 
that are not affected by reset. Each register is used to 
latch the value of the free-running counter when a se- 
lected transition at an extenal pin is detected. External 
devices provide the inputs on the PA0-PA2 pins, and an 
interrupt can be generated when an input capture edge 
is detected. The time of detection can be read from the 
appropriate register as part of the interrupt routine. 

TIMER CONTROL REGISTER 2 (TCTL2) 



7 


6 


5 


4 


3 


2 


1 


0 


0 


0 


EDG1B 


EDG1A 


EDG2B 


EDG2A 


EDG3B 


EDG3A 


RESET 
0 


0 


0 


0 


0 


0 


0 


0 



Bits 7-6 — Not Implemented 

These bits always read zero. 
EDGxB and EDGxA— Input Capture x Edge Control 

These two bits (EDGxB and EDGxA) are cleared to 

zero by reset and are encoded to configure the input 

sensing logic for input capture x. 



EDGxB 


EDGxA 


Configuration 


0 


0 


Capture disabled 


0 


1 


Capture on rising edges only 


1 


0 


Capture on falling edges only 


1 


1 


Capture on any (rising or falling) edge 



OUTPUT COMPARE FUNCTION 

There are five 16-bit read/write output compare reg- 
isters, which are set to $FFFF on reset. A value written 
into the SE registers is compared to the free-running 
counter value during each E-clock cycle. If a match is 
found, the particular output compare flag is set, and an 
interrupt is generated, provided that particular interrupt 
is enabled. 

In addition to the interrupt, a specified action may be 
initiated at a timer output pin(s). For output compare one 
(OC1), the output action to be taken when a match is 
found is controlled by a 5-bit mask register and a 5-bit 
data register. The mask register specifies which timer 
port outputs are to be used, and the data register specifies 
what data is placed on the SE timer ports. For OC2 through 
OC5, one specific timer output is affected as controlled 
by the two-bit fields in a timer control register. These 
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actions include: 1) timer disconnect from output pin logic, 
2) toggle output compare line, 3) clear output compare 
line to zero, or 4) set output compare line to one. 

TIMER COMPARE FORCE REGISTER (CFORC) 

This 8-bit write-only register is used to force early out- 
put compare actions. This compare force function is not 
recommended for use with the output toggle function 
because a normal compare occurring immediately before 
or after the force may result in undersirable operation. 
7 6 5 4 3 2 1 0 



F0C1 


F0C2 


F0C3 


F0C4 


F0C5 


0 


0 


0 


RESET 
0 


0 


0 


D 


0 


0 


0 


0 




FOC1-FOC5 — Force Output Compare x Action 

1 = Causes action progrmmed for output compare 

x, except the OCxF flag bit is not set 
0 = Has no meaning 
Bits 2-0 — Not Implemented 
These bits always read zero. 

OUTPUT COMPARE 1 MASK REGISTER (OC1M) 

This register is used with output compare 1 to specify 
the bits of port A which are affected as a result of a 
successful OC1 compare. 

7 6 5 4 3 2 1 0 



0C1M7 


0C1M6 


0C1M5 


0C1M4 


0C1M3 


0 


0 


0 


RESET 
0 


0 


0 


0 


0 


0 


0 


0 



Set bit(s) to enable OC1 to control corresponding pin(s) 
of port A. 

OUTPUT COMPARE 1 DATA REGISTER (OC1D) 

This register is used with output compare 1 to specify 
the data which is to be stored to the affected bit of port 
A as a result of a successful OC1 compare. 

7 6 5 4 3 2 1 0 



0C1D7 


0C1D6 


0C1D5 


0C1D4 


0C1D3 


0 


0 


0 


RESET 
0 


0 


0 


0 


0 


0 


0 


0 



If OC1Mx is set, data in OC1Dx is output to port A bit-x 
on successful OC1 compares. 

TIMER CONTROL REGISTER (TCTL1) 



7 


6 


5 


4 


3 


2 


1 


0 


0M2 


0L2 


0M3 


0L3 


0M4 


0L4 


0M5 


0L5 


RESET 
0 


0 


0 


0 


0 


0 


0 


0 



OM2-OM5 — Output Mode 

OL2-OL5 — Output Level 

These control bit pairs (OMx and OLx) are encoded 
to specify the output action taken as a result of a 
successful OCx compare. 



OMx 


OLx 


Action Taken Upon Successful Compare 


0 


0 


Timer disconnected from output pin logic 


0 


1 


Toggle OCx output line 


1 


0 


Clear OCx output line to zero 


1 


1 


Set OCx output line to one 


TIMER INTERRUPT MASK REGISTER 1 (TMSK1) 

7 6 5 4 3 2 1 0 


| 0C1I 


0C2I 


0C3I | 0C4I 0C5I I CI J IC2I IC3I 



RESET 

0 0 0 0 0 0 0 0 

OCxI — Output Compare x Interrupt 

1= Interrupt sequence requested if OCxF~1 in 
TFLG1 

0 = Interrupt inhibited 
ICxI — Input Capture x Interrupt 

1 = Interrupt sequence requested if ICxF- 1 in TFLG1 
0 = Interrupt inhibited 

TIMER INTERRUPT FLAG REGISTER 1 (TFLG1) 

This register is used to indicate the occurrence of timer 
system events and, with the TMSK1 register, allows the 
timer subsystem to operate in a polled or interrupt driven 
system. Each bit in the TFLG1 has a corresponding bit in 
the TMSK1 in the same bit position 

7 6 5 4 3 2 10 



0C1F 


0C2F 


0C3F 


0C4F 


0C5F 


IC1F 


IC2F 


IC3F 


RESET 
0 


0 


0 


0 


0 


C 


0 





OCxF — Output Compare x Flag 

Set each time the timer counter matches the output 
compare register x value. To clear a flag bit in TFLG1, 
you must write a "one" to the corresponding bit po- 
sition(s). 
1 = Bit cleared 

0 = Not affected 

ICxF — Input Capture x Flag 

Set each time a selected active edge is detected on 
the ICx input line. To clear a flag bit in TFLG1, you 
must write a "one" to the corresponding bit posi- 
tion(s). 

1 = Bit cleared 

0 = Not affected 



TIMER INTERRUPT MASK REGISTER 2 (TMSK2) 

This register is used to control whether or not a hard- 
ware interrupt sequence is requested as a result of a 
status bit being set in TFLG1. Two timer prescaler bits 
are also included in this register. 

7 6 5 4 3 2 1 0 



TOI 


RTII 


PAOVI 


PAII 


0 


0 


PR1 


PRO 


RESET 
0 


0 


0 


0 


0 


0 


0 


0 
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TOI — Timer Overflow Interrupt Enable 
1 = Interrupt request when TOF = 1 

0 = TOF interrupt disabled 
RTII — RTI Interrupt Enable 

1 = Interrupt requested when RTIF = 1 

0 = RTIF interrupt disabled 

PAOVI — Pulse Accumulator Overflow Interrupt Enable 

1 = Interrupt requested when PAOVF=1 
0 = PAOVF disabled 

PAN — Pulse Accumulator Input Interrupt Enable 
1= Interrupt requested when PAIF = 1 
0 = PAIF disabled 
Bits 3-2 — Not Implemented 

These bits always read zero. 
PR1 and PRO — Timer Prescaler Selects 

Can only be written to during initialization. Writes 
are disabled after the first write or after 64 E cycles 
out of reset. 



PR1 


PRO 


Divide-by-Factor 


0 


0 


1 


0 


1 


4 


1 


0 


8 


1 


1 


16 



TIMER INTERRUPT FLAG REGISTER 2 (TFLG2) 

This register is used to indicate the occurrence of timer 
system events and, with the TMSK2 register, allows the 
timer subsystem to operate in a polled or interrupt driven 
system. Each bit in the TFLG2 has a corresponding bit in 
the TMSK2 in the same bit position. 

7 6 5 4 3 2 1 0 



TOF 


RTIF 


PAOVF 


PAIF 


0 


0 


0 


0 


RESET 
0 


0 


0 


0 


0 


0 


0 


0 



TOF — Timer Overflow 

Set to one each time the 16-bit free-running counter 

advances from a value of $FFFF to $0000. Cleared by 

a write to TFLG2 with bit 7 set. 
RTIF — Real-Time Interrupt Flag 

Set at each rising edge of the selected tap point. 

Cleared by a write to TFLG2 with bit 6 set. 
PAOVF — Pulse-Accumulator Overflow Interrupt Flag 

Set when the count in the pulse accumulator rolls 

over from $FF to $00. Cleared by a write to the TFLG2 

with bit 5 set. 
PAIF — Pulse-Accumulator Input-Edge Interrupt Flag 

Set when an active edge is detected on the PAI input 

pin. Cleared by a write to TFLG2 with bit 4 set. 



Bits 3-0 — Not Implemented 
These bits always read zero. 



PULSE ACCUMULATOR 

The pulse accumulator is an 8-bit counter that can op- 
erate in either of two modes, depending on the state of 
a control bit in the PACTL register. These are the event 
counting mode and the gated time accumulation mode. 
In the event counting mode, the 8-bit counter is clocked 
to increasing values by an external pin. The maximum 
clocking rate for the external event counting mode is E 
clock divided by two. In the gated time accumulation 
mode, a free-running E clock/64 signal drives the 8-bit 
counter, but only while the external PAI input pin is ac- 
tivated. 

PULSE ACCUMULATOR CONTROL REGISTER (PACTL) 
$1026 

Four bits in this register are used to control an 8-bit 
pulse accumulator system, and two other bits are used 
to select the rate for the real-time interrupt system. 

7 6 5 4 3 2 1 0 

| DDRA7 j PAEN | PAMOD | PEDGE | 0 [ 0 | RTR1 [ RTRO ~| 
RESET 

00000000 

DDRA7 — Data Direction for Port A Bit 7 
1 = Output 

0 = Input only 

PAEN — Pulse-Accumulator System Enable 

1 = Pulse accumulator on 

0 = Pulse accumulator off 
PAMOD — Pulse Accumulator Mode 

1 = Gated time accumulator 
0 = External even counting 

PEDGE — Pulse Accumulator Edge Control 

This bit provides clock action along with PAMOD. 
1= Sensitive to rising edges at PAI pin if PA- 
MOD = 0. In gated accumulation mode counting 
is enabled by a low on PAI pin if PAMOD = 1 . 
0 = Sensitive to falling edges at PAI pin if 
PAMOD = 0. In gated accumulation mode 
counting is enabled by a high on PAI pin if 
PAMOD = 1. 
Bits 3-2 — Not Implemented 

These bits always read zero. 
RTR1 and RTRO — RTI Interrupt Rate Selects 

These two bits select one of four rates for the real-time 
periodic interrupt circuits. Reset clears these two bits and 
after reset, a full RTI period elapses before the first RTI 
interrupt. 



RTR1 


RTRO 


Divide 
E By 


XTAL = 2 23 


XTAL=8.0 MHz 


XTAL=4.9152 MHz 


XTAL = 4.0 MHz 


XTAL= 3.6864 MHz 


0 


0 


2 13 


3.91 ms 


4 10 ms 


6 67 ms 


8 19 ms 


8 89 ms 


0 


1 


2 14 


7.81 ms 


8 19 ms 


13 33 ms 


16 38 ms 


17.78 ms 


1 


0 


2 15 


15.62 ms 


16.38 ms 


26 67 ms 


32.77 ms 


35 56 ms 


1 


1 


2 16 


31 25 ms 


32.77 ms 


53.33 ms 


65.54 ms 


71.11 ms 






E = 


2.1 MHz 


2 0 MHz 


1.2288 MHz 


1 0 MHz 


921 6 kHz 
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EEPROM PROGRAMMING 

The 512 bytes of EEPROM are located at $B600 through 
$B7FF and have the same read cycle time as the internal 
ROM. Programming of the EEPROM is controlled by the 
EEPROM programming control register (PPROG). The 
EEPROM is disabled when the EEON bit in the system 
configuration register (CONFIG) is zero. Programming and 
erasure of the EEPROM relies on an internal high-voltage 
charge pump. At E clock frequencies below 2 MHz, the 
efficiency of this charge pump decreases, which in- 
creases the time required to program or erase a location. 
Recommended program and erase time is 10 millise- 
conds when the E clock is between 2 MHz and should be 
increased to as much as 20 milliseconds when E clock is 
between 1 MHz and 2 MHz. When E clock is below 1 MHz, 
the clock source for the charge pump should be switched 
from the system clock to an on-chip R-C oscillator clock. 
This is done by setting the CSEL bit in the OPTION reg- 
ister. A 10 millisecond period should be allowed after 
setting the CSEL bit to allow the charge pump to stabilize. 
The following paragraphs describe how to program or 
erase the EEPROM using the PPROG control register. 

ERASING THE EEPROM 

Erasure of the EEPROM is controled by bit settings in 
PPROG. Programs can be written to perform bulk, row, 
or byte erase. In bulk erase, all 512 bytes of the EEPROM 
are erased. In row erase, 16 bytes ($B600-$B60F, $B610- 
$B61F), etc) are erased. Other MCU operations can con- 
tinue to be performed during erasing provided the op- 
erations do not include reads of data from EEPROM. 

PROGRAMMING EEPROM 

During programming, the ROW and BYTE bits are not 
used. If the E clock frequency is 1 MHz or less, the CSEL 
bit in the OPTION register must be set, Zeros must be 
erased by a separate erase operation before program- 
ming. Other MCU operations can continue to be per- 
formed during programming provided the operations do 
not include reads of data from EEPROM. 

EEPROM PROGRAMMING CONTROL REGISTER (PPROG) 
S103B 

This 8-bit register is used to control programming and 
erasure of the EEPROM. This register is cleared on reset 
so the EEPROM is configured for normal reads. 



7 


6 


5 


4 


3 , 


2 


1 


0 


ODD 


EVEN 


0 


BYTE 


ROW 


ERASE 


EELAT 


EEPGM 


RESET 
0 


0 


0 


0 


0 


0 


0 


0 



ODD — Program Odd Rows (TEST) 
EVEN — Program Even Rows (TEST) 
Bit 5 — Not Implemented 

This bit always reads zero. 
BYTE — Byte Erase Select 

This bit overrides the ROW bit. 
1 = Erase only one byte 
0 = Row or bulk erase 



ROW — Row Erase Select 

If BYTE bit = 1 , ROW has no meaning. 
1 = Row erase 

0 = Bulk or byte erase 
ERASE — Erase Mode Select 

1 = Erase mode 

0 = Normal read or program 
EELAT — EEPROM Latch Control 

1 = EEPROM Address and data configured for pro- 

grammming/erasing 

0 = EEPROM Address and data configured for read 

mode 

EEPGM — EEPROM Programming Voltage Enable 

1 = Programming voltage turned on 
0 = Programming voltage turned off 

NOTE 

If an attempt is made to set both the EELAT and 
EEPGM bit in the same write cycle, neither will be 
set. If a write to an EEPROM address is performed 
while the EEPGM bit is set, the write is ignored, and 
the programming operation currently in progress 
is not disturbed. If no EEPROM address is written 
between when EECAT is set and EEPGM is set, then 
no program or erase operation will take place. These 
safeguards were included to prevent accidental EE- 
PROM changes in cases of program runaway. Mask 
set A38P, A49N, and date codes before 86xx do not 
have these safeguards. 

ERASING THE CONFIG REGISTER 

Erasing the CONFIG register follows the same proce- 
dures as that used for the EEPROM except that only bulk 
erase can be used on the CONFIG register. When the 
CONFIG register is erased, the EEPROM array is also 
erased. On mask set B96D, the CONFIG register may only 
be erased while the MCU is operating in the test or boot- 
strap mode.The bulk erase restriction on CONFIG is not 
present on all derivatives in the MC68HC1 1 family. Please 
check the applicable data sheet or technical summary for 
the restrictions. 

PROGRAMMING THE CONFIG REGISTER 

Programming the CONFIG register follows the same 
procedures as that used for the EEPROM except the CON- 
FIG register address is used. On mask set B96D, the CON- 
FIG register may only be programmed while the MCU is 
operating in the test or bootstrap mode. 

SYSTEM CONFIGURATION REGISTER (CONFIG) 

The CONFIG is implemented in EEPROM cells and con- 
trols the presence of ROM and EEPROM in the memory 
map and enables the COP watchdog system. 

7 6 5 4 3 2 1 0 

| 0 | 0 | 0 | 0 | |n0C0p[r0M0n| EEON ] 

Bits 7-4 — Not Implemented 

These bits are always read as zero. 
Bit 3 — Not Implemented 

This bit always reads one. 
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NOCOP — COP System Disable 

1 =COP watchdog system disabled 
0 = COP watchdog system enabled 

ROMON — Enable On-Chip ROM 

This bit is programmed to "zero", disabling the 8K 
ROM. The 8K ROM memory space becomes exter- 
nally accessed space. Changing this bit leads to ac- 
cessing an undefined ROM. 

EEON — Enable On-Chip EEPROM 

When this bit is programmed to "zero", the 512-byte 
EEPROM is disabled, and that memory space be- 
comes externally accessed space. 



SERIAL COMMUNICATIONS INTERFACE 

The serial communications interface (SCI) allows the 
MCU to be efficiently interfaced with peripheral devices 
that require an asynchronous serial data format. The SCI 
uses a standard NRZ format with a variety of baud rates 
derived from the crystal clock circuit. Interfacing is ac- 
complished using port D pins: PDO for receive data (RxD) 
and PD1 for the transmit data (TxD). The baud-rate gen- 
eration circuit contains a programmable prescaler and 
divider clocked by the MCU E clock. Figure 5 shows a 
block diagram of the SCI. 

DATA FORMAT 

Receive data in or transmit data out is the serial data 
presented between the PDO and the internal data bus and 
between the internal data bus and PD1. The data format 
requires 

1 ) An idle line in the high state prior to transmission/ 
reception of a message; 

2) A start bit that is transmitted/received, indicating 
the start of each character; 

3) Data that is transmitted and received least-signif- 
icant bit (LSB) first; 

4) A stop bit (tenth or eleventh bit set to logic one), 
which indicates the frame is complete; and 

5) A break defined as the transmission or reception 
of a logic zero for some multiple of frames. 

Selection of the word length is controlled by the M bit in 
serial communications control register 1 (SCCR1). 

TRANSMIT OPERATION 

The SCI transmitter includes a parallel data register and 
a serial shift register. This double-buffered system allows 
a character to be shifted out serially while another char- 
acter is waiting in the transmit data register to be trans- 
ferred into the serial shift register. The output of the serial 
shift register is applied to PD1 as long as transmission is 
in progress or the transmit enable bit is set. 

RECEIVE OPERATION 

Data is received in a serial shift register and is trans- 
ferred to a parallel receive data register as a complete 
word. This double-buffered system allows a character to 



be shifted in serially while another character is already 
in the receive data register. An advanced data recovery 
scheme is used to distinguish valid data from noise in 
the serial data stream. The data input is selectively sam- 
pled to detect receive data, and a majority voting circuit 
determines the value and intergrity of each bit. 

WAKE-UP FEATURE 

The wake-up feature reduces SCI service overhead in 
multiple receiver systems. Software for each receiver 
evaluates the first character(s) of each message. If the 
message is intended for a different receiver, the SCI can 
be placed in a sleep mode, disabling the rest of the mes- 
sage from generating requests for service. Whenever a 
new message begins, logic causes the sleeping receivers 
to awaken and evaluate the initial character(s) of the new 
message. Two methods of wake up are available: idle- 
line wake up or address mark wake up. In idle-line wake 
up, a sleeping receiver wakes up as soon as the RxD line 
becomes idle. In the address mark wake up, a "one" in 
the most-significant bit (MSB) of a character is used to 
indicate that the message is an address that wakes up a 
sleeping receiver. 

SCI REGISTERS 

The following paragraphs describe the operations of 
the five registers used in the SCI. 

Serial Communications Data Registers (SCDR) 

The SCDR performs two functions: as the receive data 
register when it is read and as the transmit data register 
when it is written. Figure 5 shows the SCDR as two sep- 
arate registers. 

Serial Communications Control Register 1 (SCCR1) 

The SCCR1 provides the control bits to determine word 
length and select the method used for the wake-up fea- 
ture. 

7 6 5 4 3 2 1 0 



R8 


T8 


0 


M 


WAKE 


0 


0 


0 


RESET 
U 


U 


0 


0 


0 


0 


0 


0 



R8 — Receive Data Bit 8 

If the M bit is set, this bit provides a storage location 
for the ninth bit in the receive data character. 
T8 — Transmit Data Bit 8 

If the M bit is set, this bit provides a storage location 
for the ninth bit in the transmit data character. 
Bit 5 — Not Implemented 

This bit always reads zero. 
M — SCI Character Length 

1 = 1 start bit, 9 data bits, 1 stop bit 
0=1 start bit, 8 data bits, 1 stop bit 
WAKE — Wake-Up Method Select 
1 = Address mark 
0 = Idle line 
Bits 2-0 — Not Implemented 
These bits always read zero. 
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NOTE: The Serial Communications Data Register (SCDR) is controlled by the internal R/W signal It is the transmit data register when 
written and received data register when read. 

Figure 5. SCI Block Diagram 
Serial Communications Control Register 2 (SCCR2) 



The SCCR2 provides the control bits that enable/disable 
individual SCI functions. 



7 


6 


5 


4 


3 


2 


1 


0 


TIE 


TCIE 


RIE 


I LIE 


TE 


RE 


RWU 


SBK 


RESET 
0 


0 


0 


0 


0 


0 


0 


0 



TIE — Transmit Interrupt Enable 
1 = SCI interrupt if TDRE = 1 

0 = TDR interrupts disabled 

TCIE — Transmit-Complete Interrupt Enable 

1 = SCI interrupt if TC = 1 

0 = TC interrupts disabled 
RIE — Receive Interrupt Enable 

1 = SCI interrupt if RDRF or OR = 1 
0 = RDRF or OR interrupt disabled 
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ILIE — Idle-Line Interrupt Enable 
1 =SCI interrupt if IDLE = 1 

0 = IDLE interrupts disabled 
TE — Transmit Enable 

1 = Transmit shift register output is applied to the 

TxD line 

0 = PD1 pin reverts to general-purpose I/O as soon 

as current transmitter activity finishes. 
RE — Receive Enable 

1 = Receiver enabled 

0 = Receiver disabled and RDRF, IDLE, OR, NF, and 
FE interrupts are inhibited 

RWU — Receiver Wake Up 

When set by user's software, this bit puts the receiver 
to sleep and enables the "wake-up" function. If the 
WAKE bit is zero, RWU is cleared by the SCI logic 
after receiving 10 (M = 0) or 11 (M = 1) consecutive 
ones. If WAKE is one, RWU is cleared by the SCI logic 
after receiving a data word whose MSB is set. 

SBK — Send Break 

If this bit is toggled set and cleared, the transmitter 
sends 10 (M = 0) or 11 (M = 1) zeros and then reverts 
to idle or to sending data. If SBK remains set, the 
transmitter will continually send whole frames of ze- 
ros (sets of 10 or 11) until cleared. 

Serial Communications Status Register (SCSR) 

The SCSR provides inputs to the interrupt logic circuits 
for generation of the SCI system interrupts. 
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TDRE — Transmit Data Register Empty 

1 = Automatically set when contents of the serial 
communications data register was transferred 
to the transmit serial shift register 

0 = Cleared by a read of SCSR (with TDRE = 1) fol- 

lowed by a write to SCDR 
TC — Transmit Complete 

1 = Automatically set when all data frame, pream- 

ble, or break condition transmissions are com- 
plete 

0 = Cleared by a read of SCSR (with TC = 1) fol- 

lowed by a write to SCDR 
RDRF — Receive Data Register Full 

1 = Automatically set when a character is trans- 

ferred from the receiver shift register to the 
SCDR 



0 = Cleared by a read of SCSR (with RDRF=1) fol- 

lowed by a read of SCDR 
IDLE — Idle-Line Detect 

This bit is inhibited while RWU = 1 . 

1 = Automatically set when the receiver serial input 

becomes idle after having been active 

0 = Cleared by a read of SCSR (with IDLE = 1) fol- 

lowed by a read of SCDR 
OR — Overrun Error 

1 = Automatically set when a new character cannot 

transfer from the receive shift register because 
the character in SCDR has not been read 

0 = Cleared by a read of SCSR (with OR = 1) fol- 

lowed by a read of SCDR 
NF — Noise Flag 

1 = Automatically set when majority voting logic 

does not bind unanimous agreement of all sam- 
ples in any bit in the received frame 

0 = Cleared by a read of SCSR (with NF=1) fol- 

lowed by a write to SCDR 
FE — Framing Error 

1 =Automatically set when a logic 0 is detected 

where a stop bit was expected 
0 = Cleared by a read of SCSR (with FE = 1 ) followed 
by a read of SCDR 
Bit 0 — Not Implemented 
This bit always reads zero. 

Baud-Rate Register (BAUD) 

This register is used to select different baud rates that 
may be used as the rate control for the receiver and trans- 
mitter. 

7 6 5 4 3 2 1 0 
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RESET 

0 0 0 0 0 u u u 
TCLR — Clear Baud-Rate Counters (Test) 

This bit is used to clear the baud-rate counter chain 

during factory testing. TCLR is zero and cannot be 

set while in normal operating modes. 
Bit 6 — Not Implemented 

This bit always reads zero. 
SCP1 and SCPO — SCI Baud-Rate Prescaler Selects 

These bits control a prescaler whose output provides 

the input to a second divider which is controlled by 

the SCR2-SCR0 bits. Refer to Table 4. 
RCKB — SCI Baud-Rate Clock Check (Test) 

This bit is used during factory testing to enable the 

exclusive-OR of the receiver clock and transmitter 



Table 4. Prescaler Highest Baud-Rate Frequency Output 



SCP Bit 


Clock* 
Divided By 


Crystal Frequency (MHz) 


1 


0 


8.3886 


8.0 


4.9152 


4.0 


3.6864 


0 


0 


1 


131.072 K Baud 


125.000 K Baud 


76.80 K Baud 


62.50 K Baud 


57.60 K Baud 


0 


1 


3 


43 690 K Baud 


41.666 K Baud 


25.60 K Baud 


20.833 K Baud 


19.20 K Baud 


1 


0 


4 


32.768 K Baud 


31.250 K Baud 


19.20 K Baud 


15.625 K Baud 


14.40 K Baud 


1 


1 


13 


10.082 K Baud 


9600 Baud 


5.907 K Baud 


4800 Baud 


4430 Baud 



*The clock in the "Clock Divide By" column is the internal processor clock. 
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clock to be driven out the TxD pin. RCKB is zero and 
cannot be set while in normal operating modes. 
SCR2-SCR0 — SCI Baud-Rate Selects 

These bits select the baud rate for both the trans- 
mitter and the receiver. The prescaler output selected 
by SCP1 and SCPO is further divided by the setting 
of these bits. Refer to Table 5. 

SERIAL PERIPHERAL INTERFACE 

The serial peripheral interface (SPI) is a high-speed syn- 
chronous serial I/O system. The transfer rate is software 
selectable up to one-half of the MCU E clock rate. The 
SPI may be used for simple I/O expansion or to allow 
several MCUs to be interconnected in a multimaster con- 
figuration. Clock phase and polarity are software pro- 
grammable to allow direct compatibility with a large 
number of peripheral devices. 

Four basic signal lines are associated with the SPI sys- 
tem. These are the master-out-slave-in (MOSI), the mas- 
ter-in-slave-out_(MISO), the serial clock (SCK), and the 
slave select (SS). When data is written to the SPI data 
register of a master device, a transfer is automatically 
initiated. A series of eight SCK clock cycles are generated 
to synchronize data transfer. 

When a master device transmits data to a slave device 
via the MOSI line, the slave device responds by sending 
data to the master device via the MISO line. This implies 
full duplex transmission with both data out and data in 
synchronized with the same clock signal. The byte trans- 
mitted is replaced by the byte received, thereby elimi- 
nating the need for separate transmit-empty and receiver- 
full status bits. Figure 6 shows a block diagram of the 
SPI. 

SPI REGISTERS 

There are three registers in the SPI that provide control, 
status, and data-storage functions. These registers are 
described in the following paragraphs. 

Serial Peripheral Control Register (SPCR) 
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SPIE — Serial Peripheral Interrupt Enable 
1 = SPI interrupt if SPIF = 1 

0 = SPIF interrupts disabled 

SPE — Serial Peripheral System Enable 

1 = SPI system on 

0 = SPI system off 

DWOM — Port D Wire-OR Mode Option 

This bit affects all six port D pins together. 

1 = Port D outputs act as open-drain outputs 
0=Port D outputs are normal CMOS outputs 

MSTR — Master Mode Select 
1 = Master mode 

0 = Slave mode 
CPOL — Clock Polarity 

This bit selects the polarity of the SCK clock. 

1 =SCK line idles high 
0 = SCK line idles low 

CPHA — Clock Phase 

This bit selects one of two fundamentally different 

clock protocols. Refer to Figure 7. 
SPR1 and SPRO — SPI Clock Rate Select 

These two bits select one of four baud rates to be 

used as SCK if the SPI is set as the master. They have 

no effect in the slave mode. 
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Serial Peripheral Status Register (SPSR) 
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RESET 

0 0 0 0 0 0 0 0 
SPIF — SPI Transfer Complete Flag 

1 = Automatically set when data transfer is com- 
plete between processor and external device 
0 = Cleared by a read of SPSR (with SPIF=1), fol- 
lowed by an access (read or write) of the SPDR 

WCOL — Write Collision 

If CPHA = 0, transfer begins when SS goes low and 
ends when SS goes high after eight clock cycles on 



Table 5. Transmit Baud-Rate Output for a Given Prescaler Output 



SCR Bit 


Divided 
By 


Representative Highest Prescaler Baud-Rate Output 


2 


1 


0 


131.072 K Baud 


32.768 K Baud 


76.80 K Baud 


19.20 K Baud 


9600 Baud 


0 


0 


0 


1 


131.072 K Baud 


32.768 K Baud 


76 80 K Baud 


19.20 K Baud 


9600 Baud 


0 


0 


1 


2 


65.536 K Baud 


16.384 K Baud 


38.40 K Baud 


9600 Baud 


4800 Baud 


0 


1 


0 


4 


32.768 K Baud 


8.192 K Baud 


19.20 K Baud 


4800 Baud 


2400 Baud 


0 


1 


1 


8 


16.384 K Baud 


4.096 K Baud 


9600 Baud 


2400 Baud 


1200 Baud 


1 


0 


0 


16 


8.192 K Baud 


2.048 K Baud 


4800 Baud 


1200 Baud 


600 Baud 


1 


0 


1 


32 


4.096 K Baud 


1.024 K Baud 


2400 Baud 


600 Baud 


300 Baud 


1 


1 


0 


64 


2.048 K Baud 


512 Baud 


1200 Baud 


300 Baud 


150 Baud 


1 


1 


1 


128 


1.024 K Baud 


256 Baud 


600 Baud 


150 Baud 


75 Baud 



MOTOROLA MICROPROCESSOR DATA 
3-1494 



MC68HC11A1 



INTERNAL 
MCU CLOCK 



DIVIDER 
+2 +4 +16 +32 



!! ! > 1 I 



MSB LSB 




8-BIT SHIFT REG 


<— 


READ DATA BUFFER 



SELECT 



IT 



SPI CLOCK (MASTER) 



SPI 
CONTROL 



SPI STATUS REG 



SPI INTERRUPT, 
REQUEST 




CLOCK 
LOGIC 



TTT 



[ SPI CONTROL REG 



. INTERNAL 
' ' DATA BUS 




Figure 6. SPI Block Diagram 



SCK. If CPH A = 1, transfer begins the first time SCK 
becomes active while SS is low and ends when the 
SPIF flag gets set. 
1 = Automatically set when an attempt is made to 

write to the SPI data register while data is being 

transferred 

0 = Cleared by a read of SPSR (with WCOL = 1 ), fol- 

lowed by an access (read or write) of the SPDR 

Bit 5 — Not Implemented 

This bit always reads zero. 

MODF — Mode Fault 

This bit indicates the possibility of a multi-master 
conflict for system control and therefore allows a 
proper exit from system operation to a reset or de- 
fault system state. 

1 = Automatically set when a master device has its 

SS pin pulled low 
0 = Cleared by a read of SPSR (with MODF = 1), fol- 
lowed by a write to the SPCR. 
Bits 3-0 — Not Implemented 
These bits always read zero. 

Serial Peripheral Data I/O Register (SPDR) 

This register is used to transmit and receive data on 
the serial bus. A write to this register in a master will 
initiate transmission/reception of another byte. A slave 
writes data to this register for later transmission to a 
master. When transmission is complete, the SPIF status 
bit is set in both the master and slave device. When a 
read is performed on the SPDR, a buffer is actually being 



read. The first SPIF must be cleared by the time a second 
transfer of data from the shift register to the read buffer 
is initiated, or an overrun condition will exist. In case of 
an overrun, the byte causing the overrun is lost. 



ANALOG-TO-DIGITAL CONVERTER 

The MCU contains an 8-channel, multiplexed-input, 
successive approximation, analog-to-digital (A/D) con- 
verter with sample and hold. Two dedicated lines (Vrl, 
and Vrh) are provided for the reference supply voltage 
input. These pins are used instead of the device power 
pins to increase the accuracy of the A/D conversion. 

The 8-bit A/D conversions of the MCU are accurate to 
within ±1 LSB (±1/2 LSB quantizing errors and ±1/2 
LSB all other errors combined). Each conversion is ac- 
complished in 32 MCU E-clock cycles. An internal control 
bit allows selection of an internal conversion clock os- 
cillator that allows the A/D to be used with very low MCU 
clock rates. A typical conversion cycle requires 16 micro- 
seconds to complete at a 2-MHz bus frequency. 

Four result registers are included to further enhance 
the A/D subsystem along with control logic to control 
conversion activity automatically. A single write instruc- 
tion selects one of four conversion sequences, resulting 
in a conversion complete flag after the first four conver- 
sions. The sequences are as follows: 

1) Convert one channel four times and stop, se- 
quential results placed in the result registers. 
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Figure 7. Data Clock Timing Diagram 



2) Convert one group of four channels and stop, each 
result register is dedicated to one channel. 

3) Convert one channel continuously, updating the 
result registers in a round-robin fashion. 

4) Convert one group of four channels (round-robin 
fashion) continuously, each result register is ded- 
icated to one channel. 

NOTE 

In the 48-pin dual-in-line package, four conver- 
sion channels are not implemented. These include 
channels four through seven. 



INSTRUCTION SET 

The MCU can execute all of the M6800 and M6801 
instructions. In addition to these instructions, 91 new op- 
codes are provided by the paged opcode map. These 
instructions can be divided into five different types: 1) 
accumulator and memory, 2) index register and stack 
pointer, 3) jump, branch, and program control, 4) bit ma- 
nipulation, and 5) condition code register instructions. 
The following paragraphs briefly explain each type. 

ACCUMULATOR/MEMORY INSTRUCTIONS 

Most of these instructions use two operands. One op- 
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The accumulator/memory instruc- 
tions can be divided into four subgroups: 1) load/store/ 
transfer, 2) arithmetic/math, 3) logical, and 4) shift/rotate. 



The following paragraphs describe the different groups 
of accumulator/memory instructions. 

Load/Store/Transfer 

Refer to the following table for load/store/transfer in- 
structions. 



Function 


Mnemonic 


Clear Memory Byte 


CLR 


Clear Accumulator A 


CLRA 


Clear Accumulator B 


CLRB 


Load Accumulator A 


LDAA 


Load Accumulator B 


LDAB 


Load Double Accumulator D 


LDD 


Push A onto Stack 


PSHA 


Push B onto Stack 


PSHB 


Pull A from Stack 


PULA 


Pull B from Stack 


PULB 


Store Accumulator A 


STAA 


Store Accumulator B 


STAB 


Store Accumulator D 


STD 


Transfer A to B 


TAB 


Transfer A to CC Register 


TAP 


Transfer B to A 


TBA 


Transfer CC Register to A 


TPA 


Exchange D with X 


XGDX 


Exchange D with Y 


XGDY 
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Arithmetic/Math 

Refer to the following table for the arithmetic/math in- 
structions. 



Function 


Mnemonic 


Add Accumulators 


ABA 


Add B to X 


ABX 


Add B to Y 


ABY 


Add with Carry to A 


ADCA 


Add with Carry to B 


ADCB 


Add Memory to A 


ADDA 


Add Memory to B 


ADDB 


Add 16-Bit to D 


ADDD 


Compare A to B 


CBA 


Compare A to Memory 


CMPA 


Compare B to Memory 


CMPB 


Compare D to Memory (16 Bit) 


CPD 


Decimal Adjust A 


DAA 


Decrement Memory Byte 


DEC 


Decrement Accumulator A 


DECA 


Decrement Accumulator B 


DECB 


Fractional Divide 16x 16 


FDIV 


Integer Divide 16x16 


IDIV 


Increment Memory Byte 


INC 


Increment Accumulator A 


INCA 


Increment Accumulator B 


INCB 


Multiply 8x8 


MUL 


2's Complement Memory Byte 


NEG 


2's Complement A 


NEGA 


2's Complement B 


NEGB 


Subtract B from A 


SBA 


Subtract with Carry from A 


SBCA 


Subtract with Carry from B 


SBCB 


Subtract Memory from A 


SUBA 


Subtract Memory from B 


SUBB 


Subtract Memory from D 


SUBD 


Test for Zero or Minus 


TST 


Test for Zero or Minus A 


TSTA 


Test for Zero or Minus B 


TSTB 


Logical 




This group is used to make comparisions, decisions, 
and extractions of data. Refer to the following list for the 
logical instructions. 


Function 


Mnemonic 


AND A with Memory 


ANDA 


AND B with Memory 


ANDB 




Continued — 



Function 


Mnemonic 


Bit(s) Test A with Memory 


BITA 


Bit(s) Test B with Memory 


BITB 


1's Complement Memory Byte 


COM 


1's Complement A 


COMA 


1's Complement B 


COMB 


Exclusive OR A with Memory 


EORA 


Exclusive OR B with Memory 


EORB 


OR Accumulator A (Inclusive) 


ORAA 


OR Accumulator B (Inclusive) 


ORAB 



Shift/Rotate 

The shift and rotate instructions automatically operate 
through the carry bit, which allows easy extension to 
multiple bytes. Refer to the following list for the shift/ 
rotate instructions. 



Function 


Mnemonic 


Arithmetic Shift Left 


ASL 


(Logical Shift Left) 


(LSL) 


Arithmetic Shift Left A 


AS LA 


(Logical Shift Left Accumulator A) 


(LSLA) 


Arithmetic Shift Left B 


ASLB 


(Logical Shift Left Accumulator B) 


(LSLB) 


Arithmetic Shift Left Double 


ASLD 


(Logical Shift Left Double) 


(LSLD) 


Arithmetic Shift Right 


ASR 


Arithmetic Shift Right A 


ASRA 


Arithmetic Shift Right B 


ASRB 


Logical Shift Right 


LSR 


Logical Shift Right Accumulator A 


LSRA 


Logical Shift Right Accumulator B 


LSRB 


Logical Shift Right Double 


LSRD 


Rotate Left 


ROL 


Rotate Left Accumulator A 


ROLA 


Rotate Left Accumulator B 


ROLB 


Rotate Right 


ROR 


Rotate Right Accumulator A 


RORA 


Rotate Right Accumulator B 


RORB 



INDEX-REGISTER AND STACK-POINTER INSTRUCTIONS 

These instructions provide a method for storing data 
and for manipulation of index register, stack pointer, and 
individual segments of data within the register and stack 
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pointer. Refer to the following list for the index-register 
and stack-pointer instructions. 



Function 


Mnemonic 


Add B to X 


ABX 


Add B to Y 


ABY 


Compare X to Memory (16 Bit) 


CPX 


Compare Y to Memory (16 Bit) 


CPY 


Decrement Stack Pointer 


DES 


Decrement Index Register X 


DEX 


Decrement Index Register Y 


DEY 


Increment Stack Pointer 


INS 


Increment Index Register X 


INX 


Increment Index Register Y 


I NY 


Load Index Register X 


LDX 


Load Index Register Y 


LDY 


Load Stack Pointer 


LDS 


Push X onto Stack (Low First) 


PSHX 


Push Y onto Stack (Low First) 


PSHY 


Pull X from Stack (High First) 


PULX 


Pull Y from Stack (High First) 


PULY 


Store Stack Pointer 


STS 


Store Index Register X 


STX 


Store Index Register Y 


STY 


Transfer Stack Pointer to X 


TSX 


Transfer Stack Pointer to Y 


TSY 


Transfer X to Stack Pointer 


TXS 


Transfer Y to Stack Pointer 


TYS 


Exchange D with X 


XGDX 


Exchange D with Y 


XGDY 



JUMPS/BRANCHES/PROGRAM-CONTROL INSTRUC- 
TIONS 

These instructions provide techniques for modifying 
the normal sequence of the program for conditional and 
unconditional branching. Refer to the following list for 
the jump/branch/program-control instructions. 



Function 


Mnemonic 


Branch if Carry Clear 


BCC 


(Branch if Higher or Same) 


(BHS) 


Branch if Carry Set 


BCS 


(Branch if Lower) 


(BLO) 


Branch if = zero 


BEQ 


Branch ifszero 


BGE 


Branch if)zero 


BGT 



Function 


Mnemonic 


Branch if Higher 


BHI 


Branch ifsZero 


BLE 


Branch if Lower or Same 


BLS 


Branch if(Zero 


BLT 


Branch if Minus 


BMI 


Branch if not = Zero 


BNE 


Branch if Plus 


BPL 


Branch Always 


BRA 


Branch if Bit(s) Clear 


BRCLR 


Branch Never 


BRN 


Branch if Bit(s) Set 


BRSET 


Branch to Subroutine 


BSR 


Branch if Overflow Clear 


BVC 


Branch if Overflow Set 


BVS 


Jump 


. JMP 


Jump to Subroutine 


JSR 


No Operation 


NOP 


Return from Interrupt 


RTI 


Return from Subroutine 


RTS 


Stop Internal Clocks 


STOP 


Software Interrupt 


SWI 


Test Operation (Test Mode Only) 


TEST 


Wait for Interrupt 


WAI 



BIT-MANIPULATION INSTRUCTIONS 

The MCU is capable of setting or clearing any bit re- 
siding in the first 256 bytes of the memory space in direct 
address mode. The MCU can use any bit in the 64K mem- 
ory map, and all bit-manipulation instructions can be used 
with direct or index (x or y) addressing modes. Software 
can configure the memory map so that internal RAM, 
and/or internal registers, or external memory space can 
occupy these addresses. The bit-manipulation instruc- 
tions use an 8-bit mask, which allows simultaneous op- 
erations on any combination of bits in a location. Refer 
to the following list for the bit-manipulation instructions. 



Function 


Mnemonic 


Clear Bit(s) 


BCRL 


Branch if Bit(s) Clear 


BRCRL 


Branch if Bit(s) Set 


BRSET 


Set Bit(s) 


BSET 



— Continued — 



CONDITION-CODE-REGISTER INSTRUCTIONS 

These instructions are register reference instructions 
and are used to control processor operation during 
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program execution. Refer to the following list for the 
condition-code-register instructions. 



Function 


Mnemonic 


Clear Carry Bit 


CLC 


Clear Interrupt Mask 


CLI 


Clear Overflow Flag 


CLV 


Set Carry 


SEC 


Set Interrupt Mask 


SEI 


Set Overflow Flag 


SEV 


Transfer A to CC Register 


TAP 


Transfer CC Register to A 


TPA 



OPCODE MAP SUMMARY 

Table 6 is an opcode map for the instructions used on 
the MCU. 



ADDRESSING MODES 

The MCU uses six different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. Some instructions require an ad- 
ditional byte before the opcode to accommodate a mul- 
tipage opcode map; this byte is called a prebyte. 

The term "effective address" (EA) is used in describing 
the various addressing modes. Effective address is de- 
fined as the address from which the argument for an 
instruction is fetched or stored. The following paragraphs 
describe the different addressing modes. 

IMMEDIATE 

In the immediate addressing mode, the operand is con- 
tained in the byte immediately following the opcode. 
These are two, three, or four (if prebyte is required) byte 
instructions. 

DIRECT 

In the direct addressing mode, the least-significant byte 
of the operand address is contained in a single byte fol- 
lowing the opcode and the most-significant byte of an 
address is assumed to be $00. Direct addressing allows 
the user to directly address $0000 through $00FF using 
two-byte instructions, and execution time is reduced by 



eliminating the additional memory access. In most ap- 
plications, this 256-byte area is reserved for frequently 
referenced data. In the MCU, software can configure the 
memory map so that internal RAM, and/or internal reg- 
isters, or external memory space can occupy these ad- 
dresses. 

EXTENDED 

In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. These are three or four (if prebyte is 
required) byte instructions: one or two for the opcode 
and two for the effective address. 

INDEXED 

In the indexed addressing mode, one of the index reg- 
isters (X or Y) is used in calculating the effective address. 
In this case, the effective address is variable and depends 
on two factors: 1) the current contents of the index reg- 
ister (X or Y) being used, and 2) the 8-bit unsigned offset 
contained in the instruction. This addressing mode al- 
lows referencing any memory location in the 64K byte 
address space. These are usually two or three (if prebyte 
is required) byte instructions, the opcode plus the 8-bit 
offset. 

RELATIVE 

The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8- 
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. These 
are usually two-byte instructions. 

INHERENT 

In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in- 
structions are one- or two-byte instructions. 

PREBYTE 

To expand the number of instructions used in the MCU, 
a prebyte instruction has been added to certain instruc- 
tions. The instructions affected are usually associated with 
index register Y. Accessing opcodes from page 2, 3, or 4 
would require a prebyte instruction. 
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ACCA 


ACCB 






INH 


REL 


INH 


ACCA 


ACCB 


(Y) 
INDX 


EXT 


IMM 


DIR 


m 

INDX 


EXT 


IMM 


DIR 


(Y| 
INDX 


EXT 




Ht 

LOW 


0 


1 


2 

0010 


3 

0011 


4 


5 

0101 


6 


7 

0111 


8 

1000 


9 


A 

1010 


B 

1011 


C 

1100 


D 

1101 


E 

1110 


F 

mi 


HI 

LOW 


0 

0000 


TEST 


2 

SBA 


3 

BRA 

2 


121 3 

TSX(Y) 
1 14) 


2 

NEGA 


2 

NEGB 


13) 6 

NEG 

2 17) 


NEG 

3 


2 

SUBA 

2 


3 

SUBA 

2 


SUBA 


SUBA 

3 


2 

SUBB 

2 


3 

SUBB 


SUBB 


SUBB 

3 


0 


1 

0001 


2 

NOP 


CBA 3 


3 

BRN 

2 


3 

INS 










2 

CMPA 

2 


3 

CMPA 

2 


CMPA 


CMPA 

3 


CMPB 

2 


CMPB 3 

2 


CMPB 


CMPB 

3 


1 


2 

0010 


IDIV 


BRSET 6 


3 

BHI 

2 


PULA 










2 

SBCA 

2 


3 

SBCA 

2 


SBCA 


SBCA 

3 


2 

SBCB 

2 


3 

SBCB 

2 


SBCB 


SBCB 

3 


2 


3 


FDIV 


BRCLR 6 


3 

BLS 

2 


PULB 


2 

COMA 


COMB 


13, 6 

COM 

2 17) 


COM 

3 


3 SUBD 


# 5 

2 SUBD 


2 SUBD 12) 


3 SUBD 


ADDD 

3 


ADDD 


ADDD 


6 

ADDD 


3 


4 

0100 


3 

LSRD 


6 

BSET 


2 'bcc' 


DES 


2 

LSRA 


2 

LSRB 


131 6 

LSR 

2 17) 


6 

LSR 


2 

AN DA 

2 


3 

ANDA 

2 


ANDA 


ANDA 

3 


2 

ANDB 

2 


3 

ANDB 


ANDB 


ANDB 

3 


4 


5 

0101 


(LSLDI 3 
, ASLD 


6 

BCLR 

3 


2 BCS 1 


121 3 

TX(Y)S 










BITA 

2 


BITA 3 

2 


BITA 


BITA 

3 


BITB 2 

2 


BITB 

2 


BITB 


BITB 

3 


5 


6 

0110 


TAP 


TAB ! 


3 

BNE 

2 


3 

PSHA 


2 

RORA 


2 

RORB 


I3i 6 

ROR 

2 17) 


6 

ROR 

3 


LDAA 2 


LDAA 3 

2 


LDAA 


LDAA 


LDBB 2 


LDBB 3 

2 


LDBB 


LDBB 


6 


7 

0111 


2 

TPA 


TBA 2 


3 

BEQ 

2 


3 

PSHB 


2 

ASRA 


2 

ASRB 


13 1 6 

ASR 

2 171 


b 

ASR 

3 




3 

STAA 


STAA 


STAA 




STBB 

2 


STBB 


STBB 

3 


7 


8 

1000 


' Jl INXIYI 01 


PAGE 2 


3 

BVC 

2 


I2i 5 

PULXIY) 

1 161 


2 

ASLA 


2 

ASLB 


I3i (. 

ASL 

2 i7l 


ASL 

j 


EORA 2 

2 


' 3I EORA 3 

2 151 


EORA 


EORA 


EORB 

2 


EORB 3 

2 


EORB 


EORB ' 


8 


g 

1001 


121 3 

DEXIYI 


2 

DAA 


BVS 

2 


b 

RTS 


2 

ROLA 

i 


3 

ROLB 


(3' t> 

ROL 

2 )7i 


ROL 

3 


ADCA 2 

2 


3 

ADCA 

2 


AOCA 


ADCA 

3 


2 

ADCB 


ADCB 3 

2 


ADCB 


ADCB 

3 


9 


A 

1010 


2 

CLV 


PAGE 3 


3 

BPL 

2 


121 3 

ABX(Y) 


2 

DECA 


2 

DECB 


i3> I) 

DEC 


DEC 


2 

DRAA 


DRAA 3 

2 


ORAA 


ORAA 

3 


2 

ORAB 

2 


ORAB 


ORAB 


ORAB 

3 


A 


B 

1011 


SEV 2 


2 

ABA 


3 

BMI 

2 


12 

RTI 










7 

ADDA 


ADDA 

7 


ADDA 


ADDA 

3 


2 

ADDB 

2 


3 

ADDB 

2 


ADDB 


ADDB 

3 


B 


C 

1100 


2 

CLC 


' ' BSET 

3 (81 


3 

BGE 

2 


PSHXIY) 


2 

INCA 


2 

INCB 


INC 

2 ih 


INC 


CPXIYI 


5 

CPXIYI 

2 


2 CPXIYI l7 , 


6 

CPXIY] 

3 


3 

LDD 

3 


LDD 

7 


LDD 


LDD 

3 


C 


D 


2 

SEC 


BCLR 

3 181 


3 

BLT 


10 

MUL 


7 

TSTA 


2 

TSTB 


TST 


TST 


BSR 


JSR 


JSR 


JSR 


PAGE 4 


STD 


STD 


5 

STD 

3 


D 


E 

1110 


2 

CLI 


151 7 

BRSET 

4 181 


BGT 3 

2 


12 

WAI 






JMP 


JMP 


3 

LDS 


LDS 

2 


LDS 


5 

LDS 

3 


LDXIY) 


LDXIY) 

2 


LDXIYI 


t 5 
3 LDXIYI 


E 


F 

nil 


SEI 


(51 7 

BRCLR 

4 181 


3 

BLE 

2 


SWI 


2 

CLRA 


2 

CLRB 


CLR 

2 17' 


CLR 

3 


•2' 3 
XGDX(Y) 


STS 

2 


STS 

2 (61 


5 

STS 

3 


2 

STOP 

i 


' 3l STX(Y) 
2 151 


' STX(Y) 

2 I6I 


I4> # 5 

3 STX(YI |6| 


F 



2 

o 

o> 
oo 

o 



'Page 3 and 4 Opcode Reference 



INH Inherent 

REL Relative 

IMM Immediate 

EXT Extended 

DIR Direct 

INDXIYI Index XIY) 



Mnemonic 


Page 


Opcode 


Bytes 


Cycles 


CPD 


3 


83 


4 


5 




3 


93 


3 


6 




3 


B3 


4 


7 




3 


A3 


3 


7 




4 


A3 


3 


7 


CPY 


3 


AC 


3 


7 


CPX 


4 


AC 


3 


7 


LDY 


3 


EE 


3 


6 


LDX 


4 


EE 


3 


6 


STY 


3 


EF 


3 


6 


STX 


4 


EF 


3 


6 



Bytes (Y) • 
MNEMONIC ■ 

Bytes ■ 



Page 3 and 4 Opcode Reference 



(2) : 3 

>-INX(Y) 

/ \ (4) 



# Cycles 

# Cycles (Y) 



X Y (Page 2 Opcode) 



MC68HC11A1 



ELECTRICAL SPECIFICATIONS 



MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


V D D 


-0.3 to +7.0 


V 


Input Voltage 


Vin 


-0.3 to +7.0 


V 


Operating Temperature Range 
MC68HC11A1 
MC68HC11A1V 
MC68HC11A1M 


T A 


T"L to T H 
-40 to 85 
-40 to 105 
-40 to 125 


°c 


Storage Temperature Range 


T stg 


-55 to 150 




Current Drain per Pin* 
Excluding VqD- v SS< v RH- and V RL 


ID 


25 


mA 


*One pin at a time, observing maximum power dissipation limits. 
THERMAL CHARACTERISTICS 


Characteristic 


Symbol 


Value 


Unit 


Thermal Resistance 

Plastic 52-Pin Quad Pack (PLCC) 
Plastic 48-Pin Dual-ln-Line 


9JA 


50 
40 


°C/W 



This device contains circuitry to protect the in- 
puts against damage due to high static voltages 
or electric fields; however, it is advised that nor- 
mal precautions be taken to avoid application of 
any voltage higher than maximum-rated volt- 
ages to this high-impedance circuit. Reliability 
of operation is enhanced if unused inputs are 
tied to an appropriate logic voltage level (e.g., 
either GND or Vpo)- 




POWER CONSIDERATIONS 



The average chip-junction temperature, Tj, in °C can 
be obtained from: 



where: 
TA 
HJA 



Tj = T A +(PD-ejA) 



(1) 



= Ambient Temperature, °C 
= Package Thermal Resistance, Junction-to- 
Ambient, °C/W 
PD =P|NT+P|/0 

P|NT = IDD x VdD< Watts — Chip Internal Power 
P|/0 = Power Dissipation on Input and Output Pins, 
Watts — User Determined 
For most applications P|/0<P|NT and can be neglected. 
The following is an approximate relationship between 



Pq and Tj (if P|/o is neglected): 

P D = K-(Tj + 273°C) (2) 

Solving equations (1) and (2) for K gives: 

K=PD'(T A + 273°C) + ejA-PD 2 (3) 
where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring Pq 
(at equilibrium) for a known Ta- Using this value of K, 
the values of Pq and Tj can be obtained by solving equa- 
tions (1) and (2) iteratively for any value of Ta- 
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DC ELECTRICAL CHARACTERISTICS (V DD = 5.0 Vdc±10%, Vss = 0 Vdc, T A = T L to T H , unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Output Voltage All Outputs 
'Load = —10.0 (jlA (see Note 1) All Outputs Except RESET and MODA 


vol 

V UH 


V[)[)-0.1 


0.1 


V 


Output High Voltage All Outputs Except RESET, 
'Load = _ 0.8 mA, Vqq = 4.5 V (see Note 1) XTAL, and MODA 


V 0 H 


v D d -o.8 


- 


V 


Output Low Voltage All Outputs Except XTAL 
'Load = 1 -6 mA 


vol 


- 


0.4 


V 


Input High Voltage All Inputs Except RESET 

RESET 


V|H 


07xV DD 
0 8 x Vnn 


vdd 

Vnn 


V 


Input Low Voltage All Inputs 


Vn 


Vcc 


0 2 x Vnn 


v 


I/O Ports, Three-State Leakage PA7, PC0-PC7, PD0-PD5, 
Vin = V|H or V| L AS/STRA, MODA/LIR, RESET 


ioz 




±10 


HA 


Input Current (see Note 2) 
Vin = VDD°rVss PA0-PA2, IRQ, XIRQ 
Vin = VDD or VsS MODB/VsTBY 


■in 




±1 

±10 




RAM Standby Voltage Powerdown 


VSB 


4.0 


vdd 


V 


RAM Standby Current Powerdown 


'SB 




20 




Total Supply Current (see Note 3) 
RUN: 
Single Chip 
Expanded Multiplexed 
WAIT: 

All Peripheral Functions Shut Down 
Single-Chip Mode 
Expanded Multiplexed Mode 

STOP: 

No Clocks, Single-Chip Mode 


Idd 

W|DD 
S|DD 




15 
27 

6 
10 

100 


mA 
mA 

mA 
mA 

jxA 


Input Capacitance PA0-PA2, PE0-PE7, IRQ, XiRQ, EXTAL 
PA7, PC0-PC7, PD0-PD5, AS/STRA, MODA/LIR, RESET 


Cin 




8 
12 


pF 


Power Dissipation Single-Chip Mode 

Expanded-Multiplexed Mode 


PD 




85 
150 


mW 



NOTES: 

1. Voh specification for RESET and MODA is not applicable because they are open-drain pins. Vqh specification not applicable to 
ports C and D in wire-OR mode. 

2. See A/D specification for leakage current for port E. 

3. All ports configured as inputs, ' 

V| L «0.2 V, 
V|H*Vdd -0.2 V, 
No dc loads, 

EXTAL is driven with a square wave, and 
t cyc = 476.5 ns. 
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TEST . 
POINT 



T 

T 



Equivalent Ttst Load 1 



Pint 


R1 


R2 


CI 


PA3-PA7 
PB0-PB7 
PC0-PC7 
PDO, PD5 
E.AS.R/W 


3.26K 


2.38K 


90pF 


PD1-PD4 


3.26K 


2.38K 


20OpF 



CLOCKS, 
STROBES 



INPUTS 



OUTPUTS 



•Vdd — V 



V SS" 



?.4 Volts y 



V DD -08 Volts 



'DD 



20%olV DD 



-NOMINAL TIMING - 



V SS" 



Xvdd- 
04Vol 



08 Volts 
Volts 




D.C. TESTING 



CLOCKS, 
STROBES 



INPUTS 



OUTPUTS 



"DD — V 

3-20% 0l\ 



-V r 



20%ofV 



DD y 



t' 



-SPEC TIMING - 



~V, 



ss* 



A.C. TESTING 



-SPEC- 



•70% of V DD 
20% olV nn 



70% ol V DD 

-SPEC— »J (SEE NOTE 2) 
— Vdd -08 Volts 



X70% of ' 
20% of 1 



1 — 'Hi 
1 — 0.4 



Volts 



NOTES: 

1. Full test loads are applied during all ac electrical test and ac timing measurements. 

2. During ac timing measurements, inputs are driven to 0.4 volts and Vrjo-0.8 volts while timing measurements are taken at the 
20% and 70% of Vqd points. 



Figure 8. Test Methods 
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CONTROL TIMING (V DD = 5.0 Vdc±10%, Vss = 0 Vdc, T A =T L to T H ) 



Characteristic 




1.0 MHz 


2.0 MHz 


2.1 MHz 




Symbol 


Min 


Max 


Min 


Max 


Min 


Max 


Unit 


Frequency of Operation 


fo 


dc 


1.0 


dc 


20 


dc 


2.1 


MHz 


E Clock Period 


♦eye 


1000 




500 




476 




ns 


Crystal Frequency 


fXTAL 




4.0 




8.0 




8.4 


MHz 


External Oscillator Frequency 


4fo 


dc 


4.0 


dc 


8 0 


dc 


8 4 


MHz 


Processor Control Setup tPCS = ^^tcyc —50 ns 
Time (See Figures 10, 12, and12) 


tpes 


200 




75 




69 




ns 


Reset Input Pulse Width (To Guarantee External 
(see Note 1) Reset Vector) 
and Figure 10) (Minimum Input Time; 

May be Preempted by 
Internal Reset) 


PWOQTI 


8 
1 


— 


8 
1 


— 


8 
1 


— 


tcyc 


Mode Programming Setup Time 
(See Figure 10) 


tMPS 


2 


— 


2 


— 


2 


— 


*cyc 


Mode Programming Hold Time 
(See Figure 10) 


tMPH 


0 




0 




0 




ns 


Interrupt Pulse Width, PW|RQ = t cyc + 20 ns 
IRQ Edge Sensitive Mode 
(See Figure 11 and 13) 


PW|RQ 


1020 




520 




496 




ns 


Wait Recovery Startup Time 
(See Figure 12) 


tWRS 




4 




4 




4 


'eye 


Timer Pulse Width PWj||\/| = t C y C + 20 ns 
Input Capture, Pulse Accumulator Input 
(See Figure 9) 


PW T | M 


1020 




520 




496 




ns 



NOTES: 

1 . RESET will be recognized during the first clock cycle it is held low. Internal circuitry then drives the pin low for four clock cycles, 
releases the pin, and samples the pin level two cycles later to determine the source of the interrupt. See RESETS, INTERRUPT, 
AND LOW-POWER MODES for details. 

2. All timing is shown with respect to 20% Vqd and 70% Vqd unless otherwise noted. 



PA0 ■ PA2 



PA0-PA2' 



,2,3 



-pw tim - 



NOTES: 

1. Rising edge sensitive input. 

2. Falling edge sensitive input. 

3. Maximum pulse accumulator clocking rate is E frequency divided by 2. 

Figure 9. Timer Inputs Timing Diagram 
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EXTAL 



[^-4064 t cyc — 

rijmj^mjiJviJirLrLJTJir 

•pcs-*| 



-pwrstl- 



«- imps-* 



MODA, MODB 



^- \- 



<MPH 



1 



NOTE Refer to Table 9-7 for pin states during RESET 

Figure 10. POR External Reset Timing Diagram 




INTERNAL V y/ 
CLOCKS 



I RQ, 
XI RQ 



AS 



JUL 



-PW|RQ* 



'STOPDELAY' 



_TLTU 



Annnp'sq* ST0P V ST0P 

AUUHtSS ADDRESS A ADORE SStt 



juuuuuuuulxju 



■ Resume program with instruction which follows the STOP instruction. 



c STOP v STOP 
ADDRESS 3 address A address*! 



addr°ss.i XSXSP,SP- 7 X SP-8 \ SP, YgYgY ^ 



NOTES. 

1. Edge sensitive IRQ pin (IRQE bit = 1) 

2. Level sensitive IRQ pin (IRQE bit = 0) 

3 - ISIOPDELAY = 4064 t cyc if DLY bit = 1 or 4 t cyc if DLY = 0. 

4. XIQ wit h X b it in CCR = 1. 

5. IRQ or (XIRQ with X bit in CCR = 0. 



IRQ VECTOR 
(XIRQ VECTOR) 



Figure 11. Stop Recovery Timing Diagram 



MOTOROLA MICROPROCESSOR DATA 
3-1505 



MC68HC11A1 



j^JUTJiJViJiJi r nurLrLrLrui_n 



IRQ, XIRO. 
OR INTERNAL 
INTERRUPTS 



pcs-*j k- 



'WRS- 



ADDRESS (™P)(jXZ^^ 

PCL PCH YU YH, XL XH A, B, CC | 

r STACK REGISTERS * . \ 

\ K I 



NOTES' 

1. Refer t o Table 9-7 for pin states during WAIT. 

2. RESET will also cause recovery from WAIT. 




Figure 12. WAIT Recovery from Interrupt Timing Diagram 



• LAST CYCLE OF AN INSTRUCTION 





M 2 ,XlRQ, 
OR INTERNAL 
INTERRUPTS 



"JULJL 



n_ji_n_ii_JLJULJL^jL_[L^i_ 



DATA 



R/W 



NOTES. 

1. Edge sensitive IRQ pin (IRQE bit = 1) 

2. Level sensitive IRQ pin (IRQE bit = OI 



Figure 13. Interrupt Timing Diagram 



MOTOROLA MICROPROCESSOR DATA 
3-1506 



MC68HC11A1 



PORTS 
A.C 1 ,D 



PORT E 



MCU WRITE TO PORT ■ 



\ 



'PWD- 



PORTS 

B.C. D PREVIOUS PORT DATA 



NEW DATA VALID 





' — 'PWD * 




PREVIOUS PORT DATA 


XXXW 


" NEW DATA VALID 



Figure 14. Port Write Timing Diagram 



MCU READ OF PORT- 



\ i i / 



^ ' PDSU -» 



*■ 'PDSU"* 



*" 'PDH"* 



*■ ' PDH 



NOTE1 For non-latched operation of Port C 

Figure 15. Port Read Timing Diagram 



MCU WRITE TO PORT B 



\ 



/ H / 



m ; 



PORT B PREVIOUS PORT DATA 



NEW DATA VALID 



'DEB- 



STRB (OUT) 



Figure 16. Simple Output Strobe Timing Diagram 



MOTOROLA MICROPROCESSOR DATA 
3-1507 



MC68HC11A1 



STRA (IN) 



PORT C (IN) 



Figure 17. Simple Input Strobe Timing Diagram 



|« READ PORTCL 1 «j 



"READY" 



STRB (OUT) 



STRA (IN) 



I*-'aes-*I 



PORT C (IN)- 



'nFR-* 



r - DEB 



'deb- 

_} 



NOTES: 

1. After reading PIOC with STAF set. 

2. Figure shows rising edge STRA (EGA = 1 1 and high true STRB (INVB = 1 ) 

Figure 18. Port C Input Hr-. ishake Timing Diagram 



•WRITE PORTCL 



a ji \ r X / 



'PWD- 



PORT C 
(OUT) 



'DEB- 



STRB (OUT) 



"READY' 



STRA (IN) 



"DEB" 



\ 



NOTES. 

1 After reading PIOC with STAF set 

2. Figure shows rising edge STRA (EGA = 1 ) and high true STRB (INVB = 1 ) 



Figure 19. Port C Output Handshake Timing Diagram 



MOTOROLA MICROPROCESSOR DATA 
3-1508 



MC68HC11A1 



|« — WRITE PORTCL 1 »j 



PORT C (OUT) 
(ODR-1) 



STRB (OUT) 



STRA (IN) 



*~ * - PCD 



DEB" 



a) STRA ACTIVE BEFORE PORTCL WRITE 



STRA (IN) 



PORT C (OUT) 
(DDR.1) 



'PCD' 



I^'aes-* 



/ 



'PCH' 



-'pcz- 



VALID DATA 



•-'deb-* 



•-'pcz-* 



b) STRA ACTIVE AFTER PORTCL WRITE 



NOTES. 

1 After reading PIOC with STAF set 

2 Figure shows rising edge STRA (EGA= 1) and high true STRB (INVB = 1) 



Figure 20. Three-State Variation of Output Handshake Timing Diagram 
(STRA Enables Output Buffer) 



MOTOROLA MICROPROCESSOR DATA 
3-1509 



MC68HC11A1 



PERIPHERAL PORT TIMING (V D d = 5.0 Vdc±10%, Vss = 0 Vdc, T A =T L to T H ) 







1.0 MHz 


2.0 MHz 


2.1 MHz 




Characteristic 


Symbol 


Min 


Max 


Min 


Max 


Min 


Max 


Unit 


Frequency of Operation (E Clock Frequency) 


fo 


1.0 


1.0 


2.0 


2.0 


2.1 


2.1 


MHz 


E Clock Period 


tcyc 


1000 




500 




476 




ns 


Peripheral Data Setup Time 
(MCU Read of Ports A, C, D, and E) 
(See Figure 14) 


tPDSU 


100 




100 




100 




ns 


Peripheral Data Hold Time 
(MCU Read of Ports A, C, D, and E) 
(See Figure 14) 


tPDH 


50 




50 




50 




ns 


Delay Time, Peripheral Data Write 
(See Figures 14, 15, 17, and 18) 
MCU Write to Port A 
MCU Writes to Ports B, C, and D 
tpWD= 1 ''4 t cyc +90 ns 


tP\A/n 

l r VVU 





150 
340 





150 
215 





150 

209 


ns 


Input Data Setup Time (Port C) 
(See Figures 16 and 17) 


tis 


60 


— 


60 


— 


60 


— 


ns 


Input Data Hold Time (Port C) 
(See Figures 16 and 17) 


t|H 


100 


— 


100 


— 


100 


— 


ns 


Delay Time, E Fall to STRB 
tDEB = 1/4 t C yc + 100 ns 
(See Figure 15, 17, 18, and 19) 


tDEB 


— 


350 


— 


225 


— 


219 


ns 


Setup Time, STRA Asserted to E Fall (see Note 1) 
(See Figures 17, 18, 19) 


tAES 


0 




0 




0 




ns 


Delay Time, STRA Asserted to Port C Data Output Valid 
(See Figure 19) 


tPCD 




100 




100 




100 


ns 


Hold Time, STRA Negated to Port C Data 
(See Figure 19) 


tPCH 


10 




10 




10 




ns 


Three-State Hold Time 
(See Figure 19) 


tpcz 




150 




150 




150 


ns 



NOTES: 

1 . If this setup time is met, STRB will acknowledge in the next cycle. If it is not met, the response may be delayed one more cycle. 

2. Port C and D timing is valid for active drive (CWOM and DWOM bits not set in PIOC and SPCR registers respectively) 

3. All timing is shown with respect to 20% Vqd and 70% Vqd unless otherwise noted. 



MOTOROLA MICROPROCESSOR DATA 
3-1510 



MC68HC11A1 



A/D CONVERTER CHARACTERISTICS (V DD = 5.0 Vdc±10%, V SS = 0 Vdc, T A = T L to T H , 750 kHz sE« 2.1 

unless otherwise noted) 



MHz, 



Characteristic 


Parameter 


Min 


Absolute 


Max 


Unit 


Resolution 


Number of Bits Resolved by the A/D 


8 






Bits 


Non-Linearity 


Maximum Deviation from the Ideal A/D Transfer 
Characteristics 




— 


±1/2 


LSB 


Zero Error 


Difference Between the Output of an Ideal and an Actual 
A/D for Zero Input Voltage 






±1/2 


LSB 


Full-Scale Error 


Difference Between the Output of an Ideal and an Actual 
A/D for Full-Scale Input Voltage 


— 


- 


±1/2 


LSB 


Total Unadjusted Error 


Maximum Sum of Non-Linearity, Zero Error, and 
Full-Scale Error 






±1/2 


LSB 


Quantization Error 


Uncertainty Due to Converter Resolution 


- 


- 


±1/2 


LSB 


Absolute Accuracy 


Difference Between the Actual Input Voltage and the 
Full-Scale Weighted Equivalent of the Binary Output 
Code, All Error Sources Included 






±1 


LSB 


Conversion Range 


Analog Input Voltage Range 


vrl 


— 


vrh 


V 


VRH 


Maximum Analog Reference Voltage (see Note 2) 


vrl 


— 


Vdd + 0.1 


V 


Vrl 


Minimum Analog Reference Voltage (see Note 2) 


Vss-0.1 




vrh 


V 


AVr 


Minimum Difference between Vrh and Vrl (see Note 2) 


3 


— 




V 


Conversion Time 


Total Time to Perform a Single Analog-to-Digital 
Conversion: 

a. E Clock 

b. Internal RC Oscillator 


— 


32 


tcyc + 32 


p.S 


Monotonicity 


Conversion Result Never Decreases with an Increase in 
Input Voltage and has no Missing Codes 




Guaranteed 






Zero-Input Reading 


Conversion Result when V m = Vrl 


00 






Hex 


Full-Scale Reading 


Conversion Result when V m = VRH 






FF 


Hex 


Sample Acquisition 
Time 


Analog Input Acquisition Sampling Time: 

a. E Clock 

b. Internal RC Oscillator 




12 


12 


tcyc 
M-S 


Sample/Hold 
Capacitance 


Input Capacitance during Sample PE0-PE7 




20 (Typ) 




PF 


Input Leakage 


Input Leakage on A/D Pins PE0-PE7 

Vrl. Vrh 






400 
1.0 


nA 

H.A 



NOTES' 

1. Source impedances greater than 10 Kfi will adversely affect accuracy, due mainly to input leakage. 

2. Performance verified down to 2.5 V AVr, but accuracy is tested and guaranteed at AVr = 5 V±10%. 



MOTOROLA MICROPROCESSOR DATA 
3-1511 



MC68HC11A1 



EXPANSION BUS TIMING (V DD = 5.0 Vdc± 10%, VsS = ° vd c. Ta=Tl to T"h, see Figure 21) 



Num. 








1.0 MHz 


2.0 MHz 


2.1 MHz 




Characteristic 




Symbol 


Min 


Max 


Min 


Max 


Min 


Max 


Unit 




Frequency of Operation (E Clock Frequency) 


fo 


1.0 


1.0 


2.0 


2.0 


2.1 


2.1 


MHz 


1 


Cycle Time 


*cyc 


1000 




500 




476 




ns 


2 


Pulse Width, E Low 
PWe|_=1/2 t cvc -23 ns 


PWel 


477 





227 





215 





ns 


3 


Pulse Width, E High 
PW E H = 1/2 t cyc -28ns 


pw eh 


472 




222 




210 




ns 


4 


E and AS Rise and Fall Time 


tr- tf 




20 




20 




20 


ns 


9 


Address Hold Time 
tAH = 1/8 t cvc - 29.5 ns 


see Note 1(a) 


tAH 


95.5 




33 




30 




ns 


12 


Non-Muxed Address Valid Time to E Rise 
tAV=PWEL-(tASD + 80 ns ) see Note 1(b) 


tAV 


281.5 




94 




85 




ns 


17 


Read Data Setup Time 


»DSR 


30 




30 




30 




ns 


18 


Read Data Hold Time (Max = tMAD) 


l DHR 


10 


145.5 


10 


83 


10 


80 


ns 


19 


Write Data Delay Time 
tDDW =1/ 8 t cvc + 65.5 ns 


see Note 1(a) 


tDDW 




190.5 




1 28 




1 25 


ns 


21 


Write Data Hold Time 
tDHW =1/ 8 t cyc -29.5 ns 


see Note 1(a) 


<DHW 


95 5 




33 




30 




ns 


22 


Muxed Address Valid Time to E Rise 
t AVM = pw EL-( t ASD + 90 ns ) see Note 1 < b ' 


*AVM 


271 .5 








/ 0 




ns 


24 


Muxed Address Valid Time to AS Fall 
tASL = PW A SH-70 ns 


tASL 


151 




26 




20 




ns 


25 


Muxed Address Hold Time 
tAHL=1/8t cyc -29.5 ns 


see Note Kb) 


l AHL 


95.5 




33 








ns 


26 


Delay Time, E to AS Rise 
t ASD =1/ 8t C vc -9 - 5 ns 


see Note 1(a) 


tASD 


115 5 




jj 




ou 




ns 


27 


Pulse Width, AS High 
PW A SH = 1/4t cvc -29 ns 


pwash 


221 


— 


96 


— 


90 


— 


ns 


28 


Delay Time, AS to E Rise 
, ASED =1/ 8tcyc-9 5 ns 


see Note 1(b) 


*ASED 


115.5 




53 




50 






29 


MPU Address Access Time see note Kb) 
*ACCA = tAVM + tr+PWEH-tDSR 


l ACCA 


733.5 




296 




275 




ns 


35 


MPU Access Time 
tACCE = PW EH -tDSR 


»ACCE 




442 




192 




180 


ns 


36 


Muxed Address Delay 
(Previous Cycle MPU Read) 
t MAD = tASD + 30 ns 


see Note 1(a) 


tMAD 


145.5 




83 




80 




ns 



NOTES: 

1. Input clocks with duty cycles other than 50% will affect bus performance. Timing parameters affected by input clock duty cycle 
are identified by (a) and (b). To recalculate the approximate bus timing values, substitute the following expressions in place of 
1/8 t C y C in the above formulas where applicable: 

(a) (1-DC)x1/4t cyc 

(b) DCx1/4t cyc 
Where: 

DC is the decimal value of duty cycle percentage (high time) 

2. All timing is shown with respect to 20% Vqd and 70% V DD unless otherwise noted. 



MOTOROLA MICROPROCESSOR DATA 
3-1512 



MC68HC11A1 



SERIAL PERIPHERAL INTERFACE (SPI) TIMING (V DD = 5.0 Vdc±10%, V ss = 0 Vdc, T A = T L to T H , see Figure 22) 



Num. 


Characteristic 


Symbol 


Min 


Max 


Unit 




Operating Frequency 
Master 
Slave 


fop(m) 
f op(s) 


dc 
dc 


0.5 
2.1 


f op 
MHz 


1 


Cycle Time 
Master 
Slave 


tcycfm) 
l cvc(s) 


2.0 
480 




tcyc 
ns 


2 


Enable Lead Time 
Master 
Slave 


t|ead(m) 
tlead(s) 


* 
240 




ns 
ns 


3 


Enable Lag Time 
Master 
Slave 


tlaglm) 
l laq(s) 


240 




ns 
ns 


4 


Clock (SCK) High Time 
Master 
Slave 


tw(SCKH)m 
tw(SCKH)s 


340 
190 




ns 
ns 


5 


Clock (SCK) Low Time 
Master 
Slave 


MSCKDm 
t w (SCKL)s 


340 
190 


- 


ns 
ns 


6 


Data Setup Time (Inputs) 
Master 
Slave 


tsu(m) 
tsu(s) 


100 
100 


- 


ns 
ns 


7 


Data Hold Time (Inputs) 
Master 
Slave 


th(m) 
l h(s) 


100 
100 


- 


ns 
ns 


8 


Access Time (Time to Data Active from High-Impedance State) 
Slave 


ta 


0 


120 


ns 


9 


Disable Time (Hold Time to High-Impedance State) 
Slave 


tdis 




240 


ns 


10 


Data Valid (After Enable Edge)** 


tv(s) 




240 


ns 


11 


Data Hold Time (Outputs) (After Enable Edge) 


tho 


0 




ns 


12 


Rise Time (20% Vdd to 70% Vqd- C|_ = 200 pF) 
SPI Outputs (SCK, MOSI, and MISO) 
SPI Inputs (SCK, MOSI, MISO, and SS) 


l rm 
trs 




100 
2.0 


ns 

|XS 


13 


Fall Time (70% V D d to 20% Vdd. C|_ = 200 pF) 
SPI Outputs (SCK, MOSI, and MISO) 
SPI Inputs (SCK, MOSI, MISO, and SS) 


tfm 
tfs 




100 
2.0 


ns 

(iS 



*Signal production depends on software 
**Assumes 200 pF load on all SPI pins. 
NOTE- 

1. All timing is shown with respect to 20% Vdd and 70% V DD unless otherwise noted. 



MOTOROLA MICROPROCESSOR DATA 
3-1513 



MC68HC11A1 



EEPROM CHARACTERISTICS (Vdd = 5.0 Vdc±10%, V S s = 0 Vdc, T a = Tl to Th) 



Characteristic 


Temperature Range 


Unit 


-40 to 85°C 


-40 to 105°C 


-40 to 125°C 


Programming Time Under 1.0 MHz with RC Oscillator Enabled 
(see Note 1) 1.0 to 2.0 MHz with RC Oscillator Disabled 
2.0 MHz (or Anytime RC Oscillator Enabled) 


10 
20 
10 


15 

Must Use RC 
15 


20 

Must Use RC 
20 


ms 


Erase Time (see Note 1) Byte, Row, and Bulk 


10 


10 


10 


ms 


Write/Erase Endurance (see Note 2) 


10,000 


10,000 


10,000 


Cycles 


Data Retention (see Note 2) 


10 


10 


10 


Years 



NOTES: 

1. The RC oscillator must be enabled (by setting the CSEL bit in the OPTION register) for EEPROM programming and erasure when 
the E-clock frequency is below 1.0 MHz. 

2. See current quarterly Reliability Monitor report for current failure rate information. 



R/W. ADDRESS 
(NON-MUX) 



ADDRESS/DATA 
(MULTIPLEXED) 



AS 



READ 



WRITE 



"0- 



— ®- 



TO; ® y^. 



-©- 



-©- 



\ 



-f® 

m 



-<2>- 



NOTE: Measurement points shown are 20% and 70% Vqd 

Figure 21. Expansion Bus Timing Diagram 



MOTOROLA MICROPROCESSOR DATA 
3-1514 



MC68HC11A1 



(INPUT) 



55" it H*U High on Matter 



SCK (CPOUO) SEE 



(OUTPUT) 



SCK i 
(OUTP 



MISO 
(INPUT) 



MOSI 
(OUTPUT) 



*<z> 



MSB,N > 



MASTER MSB OUT 



•<3> 



( 



LSB IN 



BIT 6 1 

N — 



MASTER LSB OUT 



11 (raf) 



7 



NOTE: This lust dock adga is ganaratad internally but is not Man at tht SCK pin. 

a) SPi MASTER TIMING (CPHA = 0) 



§5 

(INPUT) 



SCK (CPOL-0) 
(OUTPUT) 



55 is Held High on Master 



sck (cpa.i) 

(OUTPUT) 



MISO 
(INPUT) 



MOSI 
(OUTPUT) 



MSB IN ~y 



MASTER MSB OUT 



X 



- *<2HH2>* 
-<S) 



BITS 1 

V— 



X 



MASTER LSB OUT 



-CUM) 



NOTE: This last clock adga b garwrattd intern ally but is not saan at the SCK pin. 

b) SPI MASTER TIMING (CPHA = 1) 



Figure 22. SPI Timing Diagrams (Sheet 1 of 2) 



MOTOROLA MICROPROCESSOR DATA 



MC68HC11A1 



35 

(INPUT) 



SCK (CPOL-0) 
(INPUT) 



SCK (CPOL-1) 
(INPUT) 



h® -Hk® 



t 



MISO 
(OUTPUT) 



— < 



SLAVE 



MOSI 
(INPUT) 



L^J, \ . Q>— • 



MSB OUT 



■KlH 



MSB IN 



BIT6----1 

-V 



•-(12) -*j («-® 



SLAVE LSB OUT 



X NOTE , \ 



NOTE: Not defined but normally MSB ol character just received 

c) SPI SLAVE TIMING (CPHA = 0) 



55 

(INPUT) 



SCK (CPOL-0) 
(INPUT) 



SCK (CPOL-1) 
(INPUT) 



(2> 



MISO 
(OUTPUT) 



— |[1EX«« 



MSB OUT 



BIT6----1 
\ 



MOSI 
(INPUT) 



NOTE: Not defined but normally LSB of character previously transmitted. 

d) SPI SLAVE TIMING (CPHA = 1) 



-® (2> 



SLAVE LSB OUT 



MSB IN 5 1 ^ BIT6--- 1 ^ ^ LSB IN ^ - 



Figure 22. SPI Timing Diagrams (Sheet 2 of 2) 



MOTOROLA MICROPROCESSOR DATA 
3-1516 



MC68HC11A1 



ORDERING INFORMATION 



The following table provides ordering information pertaining to the package type, temperature, and MC part numbers 
for the MC68HC11A1 HCMOS single-chip microcontroller device. 



Package Type 


Temperature 


CONF 


Description 


MC Part Number 


Plastic 


-40 to +85°C 


SOD 


No ROM 


MC68HC11A1P 


(P Suffix) 


-40 to +105°C 


SOD 


No ROM 


MC68HC11A1VP 




-40 to +125°C 


SOD 


No ROM 


MC68HC11A1MP 




-40 to +85°C 


$09 


No ROM, COP On 


MC68HCP11A1P 




-40 to + 105°C 


$09 


No ROM, COP On 


MC68HCP11A1VP 




-40 to +125X 


$09 


No ROM, COP On 


MC68HCP1 1A1MP 


PLCC 


-40 to +85°C 


$0D 


No ROM 


MC68HC11A1FN 


(FN Suffix) 


-40 to +105°C 


$0D 


No ROM 


MC68HC1 1A1VFN 




-40 to 125°C 


$0D 


No ROM 


MC68HC11A1MFN 




-40 to +85°C 


$09 


No ROM, COP On 


MC68HCP1 1A1FN 



PIN ASSIGNMENTS 

48-Pin Dual-in-Line Package 



52-Lead Quad Package 



PA7 [ 


1 


^ .8 


lv DD 


PA6 [ 


2 


47 


] PD5 


PA5 [ 


3 


46 


] P04 


PA4 [ 


4 


45 


] PD3 


PA3 [ 


5 


44 


] PD2 


PA2 [ 


6 


43 


] P01 


PA1 [ 


7 


42 


] PD0 


PAO [ 


8 


41 


3 IRQ 


PB7 [ 


9 


40 


] xIrq 


PB6 [ 


10 


39 


3 r!5et 


PB5 [ 


11 


38 


3 PC 7 


PB4 [ 


12 


37 


3 PC6 


PB3 [ 


13 


36 


3 PC5 


PB2 [ 


14 


35 


3PC4 


PB1 [ 


15 


34 


3 PC3 


PBO I 


16 


33 


3PC2 


PEO [ 


17 


32 


3 pci 


PE1 [ 


18 


31 


3pco 


PE2 [ 


19 


30 


3 XTAL 


PE3 [ 


20 


29 


1 EXTAL 


Vrl I 


21 


28 


3 RIW 


VRH t 


22 


27 


]E 


vss I 


23 


26 


] AS 


M00B/V st b y [ 


24 


25 


3 moda/Ur 



'3 5 



LU OC 



C/5 DC CC LU 

> > > a. 



n n (D n 



XTAL [ 8 

PC0 C 9 

pci C io 

PC2 C 11 

PC3 C 12 

PC4 [ 13 

PC5 C 14 

PC6 C 15 

PC 7 t 16 

RESET t 17 

XiRQ C 18 

IRQ C 19 

PDO C 20 



i-ir-ir-ii-inr-ii-ir-inr-ir-ir-ir-i 

7 6 5 4 3 2 O 52 51 50 49 48 47 



PE5 
PE1 
PE4 
PEO 
PBO 
PB1 
PB2 
PB3 
PB4 
PB5 
PB6 
PB7 
PAO 



21 22 23 

u u u 



24 25 

u u 



26 27 

u u 



28 29 30 31 32 33 

u u u u u u 



f- n n ^ if) o rs co i/> n 
o a o o p o < < < < < 



MOTOROLA MICROPROCESSOR DATA 
3-1517 



MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 



MC68HC11A8 



Technical Summary 
8-Bit Microcontroller 



The MC68HC11A8 high density CMOS (HCMOS) microcontroller unit (MCU) contains highly so- 
phisticated on-chip peripheral capabilities. This high-speed and low-power MCU has a nominal bus 
speed of two megahertz, and the fully static design allows operations at frequencies down to dc. 
This publication contains condensed information on the MCU; for detailed information, refer to Ad- 
vance Information Manual, HCMOS Single-Chip Microcontroller (MC68HC11A8/D), M68HC11 HCMOS 
Single-Chip Microcontroller Programmer's Reference Manual (M68HC11RM/AD) or contact your lo- 
cal Motorola sales office. 

Refer to the block diagram for the hardware features and to the list below for additional features 
available on the MCU. 

• Enhanced 16-Bit Timer System with Four-Stage Programmable Prescaler 

• Power Saving STOP and WAIT Modes 

• Serial Peripheral Interface (SPI) 

• Enhanced NRZ Serial Communications Interface (SCI) 

• 8-Bit Pulse Accumulator Circuit 

• Bit Test and Branch Instructions 

• Real-Time Interrupt Circuit 

• 8K Bytes of ROM 

• 512 Bytes of EEPROM 

• 256 Bytes of Static RAM 

• Eight-Channel 8-Bit A/D Converter 
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OPERATING MODES 

The MCU uses two dedicated pins (MODA and MODB) 
to select one of two basic operating modes or one of two 
special operating modes. The basic operating modes are 
single-chip and expanded-multiplexed; the special op- 
erating modes are bootstrap and special test. The follow- 
ing paragrphs describe the different modes. 

SINGLE-CHIP MODE (MODEO) 

In this mode, the MCU functions as a self-contained 
microcontroller and has no external address or data bus. 
This mode provides maximum use of the pins for on- 
chip peripheral functions, and all address and data activ- 
ity occur within the MCU. 



has been detected in either the clock monitor or the com- 
puter operating properly (COP) circuit. 

XTAL, EXTAL 

These pins provide the interface for either a crystal or 
a CMOS-compatible clock to control the internal clock 
generator circuitry. The frequency applied shall be four 
times higher than the desired clock rate. Refer to Figure 
1 for crystal and clock connections. 

E 

This pin provides an outputforthe internally generated 
E clock, which can be used for timing reference. The fre- 
quency of the E output is one-fourth that of the input 
frequency at the XTAL and EXTAL pins. 



EXPANDED MULTIPLEXED MODE (MODE1) 

In this mode, the MCU can address up to 64K bytes of 
address space. Higher-order address bits are output on 
the port B pins, and lower-order address bits and the data 
bus are mutliplexed on the port C pins. The AS pin pro- 
vides the control output used in_demultiplexing the low- 
order address at port C. The R/W pin is used to control 
the direction of data transfer on port C bus. 

BOOTSTRAP MODE 

In this mode, all vectors are fetched from the 192-byte 
on-chip bootloader ROM. This mode is very versatile and 
can be used for such functions as test and diagnostics 
on completed modules and for programming the 
EEPROM. The serial receive logic is initialized by software 
in the bootloader ROM, which provides program control 
for the serial communications interface (SCI) baud and 
word format. In this mode, a special control bit is con- 
figured that allows for self-testing of the MCU. This mode 
can be changed to other modes under program control. 

TEST MODE 

This mode is primarily intended for main production 
at time of manufacture; however, it may be used to pro- 
gram calibration or personality data into the internal EE- 
PROM. In this mode, a special control bit is configured 
to permit access to a number of special test control bits. 
This mode can be changed to other modes under pro- 
gram control. 



IRQ 

This pin provides the capability for asynchronously ap- 
plying interrupts to the MCU. Either negative edge-sen- 
sitive or level-sensitive triggering is program selectable. 
This pin is configured to level-sensitive during res et. A n 
external resistor connected to Vqq is required on IRQ. 

XIRQ 

This pin provides the capability for asynchronously ap- 
plying non-maskable interrupts to the MCU after a power- 
on reset (POR). During reset, the X bit in the condition 
code register is set, and any interrupt is masked until 
enabled by software. This input is level-sensitive and re- 
quires an extenal pullup resistor to Vdq. 

MODA/LlR AND MODB/Vstby 

During reset, these pins are used to control the two 
basic operating modes and the two special operating 
modes. The LIR output can be used as an aid in debug- 
ging once reset is completed. The open-drain LIR pin goes 
to an active low during the first E-clock cycle of each 
instruction and remains low for the duration of that cycle. 
The mode selections are shown below. 



MODB 


MODA 


MODE SELECTED 


1 


0 


Single Chip 


1 


1 


Expanded Multiplexed 


0 


0 


Special Bootstrap 


0 


1 


Special Test 



SIGNAL DESCRIPTION 

V D D AND V S S 

Power is supplied to the microcontroller using these 
two pins. Vqd is +5 volts (±0.5V) power, and Vss is 
ground. 



RESET 

This active low bidirectional control pin is used as an 
input to initialize the MCU to a known startup state and 
as an open-drain output to indicate that an internal failure 



Vr L and Vrh 

These pins provide the reference voltage for the A/D 
converter. 

R/W/STRB 

This pin provides two different functions, depending 
on the operating mode. In single-chip mode, the pin pro- 
vides STRB (output strobe) function; in the expanded- 
multiplexed mode, it provides R/W (read-write) function. 
The RAW is used to control the direction of transfers on 
the external data bus. 
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Figure 1. Oscillator Collections 



AS/STRA 

This pin provides two different functions depending on 
the operating mode. In single-chip mode, the pin pro- 
vides STRA (input strobe) function, and in the expanded- 
multiplexed mode, it provides AS (address strobe) func- 
tion. The AS may be used to demultiplex the address and 
data signals at port C. 

INPUT/OUTPUT LINES (PA0-PA7, PB0-PB7, PC0-PC7. 
PD0-PD5, PE0-PE7) 

These I/O lines are arranged into four 8-bit ports (A, B, 
C, and E) and one 6-bit port (D). All ports serve more than 
one purpose depending on the operating mode. Table 1 
lists a summary of the pin functions to operating modes. 
Refer to INPUT/OUTPUT PORTS for additional informa- 
tion. 



PORTA 

In all operating modes, port A may be configured for 
three input capture functions; four output compare func- 
tions; and pulse accumulator input (PAI) or a fifth output 
compare function. Each input capture pin provides for a 
transitional input, which is used to latch a timer value 
into the 16-bit input capture register. External devices 
provide the transitional inputs, and internal decoders de- 
termine which input transition edge is sensed. The output 
compare pins provide an output whenever a match is 
made between the value in the free-running counter (in 
the timer system) and a value loaded into the particular 
16-bit output compare register. When port A bit 7 is con- 
figured as a PAI, the external input pulses are applied to 
the pulse accumulator system. The remaining port A lines 
may be used as general-purpose input or output lines. 



INPUT/OUTPUT PORTS 

Port functions are controlled by the particular mode 
selected. In the single-chip mode and bootstrap mode, 
four ports are configured as parallel I/O data ports and 
port E can be used for general-purpose static inputs and/ 
or analog-to-digital converter channel inputs. In the ex- 
pandedjTiultiplexed mode and test mode, ports B, C, AS, 
and R/W are configured as a memory expansion bus. 
Table 1 lists the different port signals available. The fol- 
lowing paragraphs describe each port. 



PORT B 

In the single-chip mode, all port B pins are general- 
purpose output pins. Port B may also be used in a simple 
strobed output mode where the STRB pulses each time 
port B is written. In the expanded-multiplexed mode, all 
of the port B pins act as high-order (bits 8-15) address 
output pins. 

PORTC 

In the single-chip mode, port C pins are general-pur- 
pose input/output pins. Port C inputs can be latched by 
the STRA or may be used in full handshake modes of 
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Table 1. Port Signal Functions 







Expanded- 






Multiplexed 




Single-Chip 


and 


Port-Bit 


and Bootstrap Mode 


Special Test Mode 


A-0 


PA0/IC3 


PA0/IC3 


A-1 


PA1/IC2 


PA1/IC2 


A-2 


PA2/IC1 


PA2/IC1 


A-3 


PA3/OC5/and-or 0C1 


PA3/OC5/and-or OC1 


A-4 


PA4/0C4/and-or OC1 


PA4/OC4/and-or OC1 


A-5 


PA5/OC3/and-or OC1 


PA5/OC3/and-or OC1 


A-6 


PA6/OC2/and-or 0C1 


rA6/UC2/and-or OC1 


A-7 


PA7/PAI/and-or OC1 


PA7/PAI/and-or OC1 


B-0 


PBO 


A8 


B-1 


PB1 


A9 


B-2 


PB2 


A10 


B-3 


PB3 


A11 


B-4 


PB4 


A12 


B-5 


PB5 


A13 


B-6 


PB6 


A14 


B-7 


PB7 


A15 


C-0 


PCO 


AO/DO 


C-1 


PC1 


A1/D1 


C-2 


PC2 


A2/D2 


C-3 


PC3 


A3/D3 


C-4 


PC4 


A4/D4 


C-5 


PC5 


A5/D5 


C-6 


PC6 


A6/D6 


C-7 


PC7 


A7/D7 


D-0 


PDO/RxD 


PDO/RxD 


D-1 


PD1/TxD 


PDIHxD 


D-2 


PD2/MISO 


PD2/MISO 


D-3 


PD3/MOSI 


PD3/MOSI 


D-4 


PD4/SCK 


PD4/SCK 


D-5 


PD5/SS 


PD5SS 




STRA 


AS 




STRB 


R/W 


E-0 


PEO/ANO 


PEO/ANO 


E-1 


PE1/AN1 


PE1/AN1 


E-2 


PE2/AN2 


PE2/AN2 


E-3 


PE3/AN3 


PE3/AN3 


E-4 


PE4/AN4## 


PE4/AN4## 


E-5 


PE5/AN5## 


PE5/AN5## 


E-6 


PE6/AN6## 


PE6/AN6## 


E-7 


PE7/AN7## 


PE7/AN7## 



##Not Bonded in 48-Pin Versions 

parallel I/O where the STRA input and STRB output acts 
as handshake control lines. In the expanded-multiplexed 
mode, port C pins are configured as multiplexed address/ 
data pins. During the address cycle, bits 0 through 7 of 
the address are output on PC0-PC7; during the data cycle, 
bits 0 through 7 (PC0-PC7) are bidirectional data pins 
controlled by the R/W signal. 

PORT D 

In all modes, port D bits 0-5 may be used for general- 
purpose I/O or with the serial communications interface 
(SCI) and serial peripheral interface (SPI) subsystems. Bit 
0 is the receive data input, and bit 1 is the transmit data 
output for the SCI. Bits 2 through 5 are used by the SPI 
subsystem. 



PORTE 

Port E is used for general-purpose static inputs and/or 
analog-to-digital channel inputs in all operating modes. 
Port E should not be read as static inputs while an A/D 
conversion is actually taking place. 



MEMORY 

The memory maps for each mode of operation, a sin- 
gle-chip, expanded-multiplexed, special boot, and special 
test is shown in Figure 2. In the single-chip mode, the 
MCU does not generate external addresses. The internal 
memory locations are shown in the shaded areas, and 
the contents of the shaded areas are shown on the right 
side of the diagram. In the expanded-multiplexed mode, 
the memory locations are basically the same as the sin- 
gle-chip, except the memory locations between the shaded 
areas (EXT) are for externally addressed memory and I/ 
0. The special bootstrap mode is similar to the single- 
chip mode, except the bootstrap program ROM is located 
at memory locations $BF40 through $BFFF. The special 
test mode is similar to the expanded-multiplexed mode, 
except the interrupt vectors are at external memory lo- 
cations. 



REGISTERS 

The MCU contains the registers described in the fol- 
lowing paragraphs. 

ACCUMULATOR A AND B 

These accumulators are general-purpose 8-bit registers 
used to hold operands and results of arithmetic calcu- 
lations or data manipulations. These two accumulators 
are treated as a single, double-byte accumulator called 
the D accumulator for some instructions. 



7 


A 


0 


7 


B 


0 


15 






D 




0 



INDEX REGISTER X (IX) 

This index register is a 16-bit register used for the in- 
dexed addressing mode. It provides a 16-bit value that 
may be added to an 8-bit offset provided in an instruction 
to create an effective address. The index register may 
also be used either as a counter or a temporary storage 
area. 



15 



IX 



INDEX REGISTER Y (IY) 

This index register is an 16-bit register used for the 
indexed addressing mode similar to the IX register; how- 
ever, most instructions using the IY register are two-byte 
opcodes and require an extra byte of machine code and 
an extra cycle of execution time. The index register may 
also be used as a counter or a temporary storage area. 
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NOTES: 

1. Either or both the internal RAM and registers can be remapped to any 4K boundard by software. 

2. Either or both the ROM and EEPROM can be disabled using a control register (CONFIG) which is implemented with EEPROM 
cells. 



Bit 7 



Bit 6 



Bit 5 



Bit 4 



Bit 3 



Bit 2 



Bit 1 



BitO 



$1000 
$1001 
$1002 
$1003 
$1004 
$1005 
$1006 
$1007 
$1008 
$1009 
$100A 
$100B 
$100C 



Bit 7 



STAF 



Bit 7 



Bit 7 



Bit 7 



Bit 7 



Bit 7 



FOCI 



0C1M7 



STAI 



F0C2 



0C1M6 



CWOM 



Bit 5 



Bit 5 



FOC3 



0C1M5 



MNDS 



F0C4 



0C1M4 



OIN 



F0C5 



0C1M3 



PLS 



EGA 



BitO | PORTA I/O Port A 
Reserved 



INVB PIOC Parallel I/O Control Register 



BitO PORTC I/O Port C 



BitO PORTB Output Port B 



BitOlPORTCL Alternate Latched Port C 
Reserved 



BitO DDRC Data Direction for Port C 



BitO | P0RTD I/O Port D 



BitO DDRD Data Direction for Port D 



BitO | PORTE Input Port E 

CFORC Compare Force Register 

IOC1M OC1 Action Mask Register 



Figure 2. Memory Map (Sheet 1 of 3) 
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Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 
$100D | 0C1D7 | 0C1D6 | 0C1D5 | 0C1D4 | 0C1D3 | 



Bit 1 



$1020 
$1021 
$1022 
$1023 
$1024 
$1025 
$1026 
$1027 
$1028 
$1029 
$102A 
$102B 
$102C 



OM2 



OC1I 



OC1F 



TOI 



TOF 



DDRA7 



Bit 7 



SPIE 



SPIF 



Bit 7 



TCLR 



R8 



0L2 



0C2I 



0C2F 



RTII 



RTIF 



PAEN 



SPE 



WCOL 



T8 



0M3 



EDG1B 



0C3I 



0C3F 



PAOVI 



PAOVF 
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SCP1 
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0C4F 
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PAIF 
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EDG2B 



0C5I 



0C5F 



CPOL 



RCKB 



WAKE 



0L4 



EDG2A 



IC1I 



IC1F 
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RTR1 
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SCR1 



BitO 



0C1D 



$100E 


Bit 15 














Bit 8 


$100F 


Bit 7 














BitO 



$1010 


Bit 15 














Bit 8 


$1011 


Bit 7 














BitO 



$1012 


Bit 15 














Bit 8 


$1013 


Bit 7 














BitO 



$1014 


Bit 15 














Bit 8 


$1015 


Bit 7 














BitO 



$1016 


Bit 15 














Bit 8 


$1017 


Bit 7 














BitO 



$1018 


Bit 15 














Bit 8 


$1019 


Bit 7 














BitO 



$101A 


Bit 15 














Bit 8 


$101 B 


Bit 7 














BitO 



S101C 


Bit 15 














Bit 8 


S101D 


Bit 7 














BitO 



$101E 


Bit 15 














Bit 8 


$101F 


Bit 7 














BitO 



T0C5 



0L5 
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RTRO 
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SPI Status Register 
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SCI Baud Rate Control 
SCI Control Register 1 



Figure 2. Memory Map (Sheet 2 of 3) 
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$102D 
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Bit 7 



Bit 7 



ADPU 
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RWU 
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PSELO 



REGO 



TCON 



EEON 



SCCR2 SCI Control Register 2 

SCSR SCI Status Register 

SCDR SCI Data (Read RDR, Write TDR) 

ADCTL A/D Control Register 

ADRt A/D Result Register 1 

ADR2 A/D Result Register 2 

ADR3 A/D Result Register 3 

ADR4 A/D Result Register 4 

Reserved 

OPTION System Configuration Options 

COPRST Arm/Reset COP Timer Circuitry 

PPROG EEPROM Programming Control Register 

HPRIO Highest Priority 1-Bit Int and Misc 

INIT RAM and I/O Mapping Register 

TEST1 Factory TEST Control Register 

CONFIG COP, ROM, and EEPROM Enables 



Figure 2. Memory Map (Sheet 3 of 3) 



PROGRAM COUNTER (PC) 

The program counter is a 16-bit register that contains 
the address of the next byte to be fetched. 



PC 



STACK POINTER (SP) 

The stack pointer is a 16-bit register that contains the 
address of the next free location on the stack. The stack 
is configured as a sequence of last-in-first-out read/write 
registers, which allow important data to be stored during 
interrupts and subroutine calls. Each time a new byte is 
added to the stack, the SP is decremented; each time a 
byte is removed, the SP is incremented. The address con- 
tained in the SP also indicates the location at which the 
accumulators A and B and registers IX and IY can be 
stored during certain instructions. 



15 



SP 



CONDITION CODE REGISTER (CCR) 

The condition code register is an 8-bit register in which 
each bit is used to indicate the results of the instruction 
just executed. These bits can be individually tested by a 
program, and specific actions can be taken as a result of 
their state. Each bit is explained in the following para- 
graphs. 

7 0 
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N 


Z 


V 


c 



Carry/Borrow (C) 

When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during 
shift and rotate instructions. 

Overflow (V) 

The overflow bit is set if an arithmetic overflow oc- 
curred as a result of the operation; otherwise, the V bit 
is cleared. 
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Zero (Z) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 

Negative (N) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative 
(the MSB of the result is a logic one). 

Interrupt (I) 

This bit is set either by hardware or program instruction 
to disable (mask) all maskable interrupt sources (both 
external and internal). 

Half Carry (H) 

This bit is set during ADD, ABA, and ADC operations 
to indicate that a carry occurred between bits 3 and 4. 
This bit is mainly useful in BCD calculations. 

X Interrupt Mask (X) 

This mask bit is set only by hardware (reset or XIRQ) 
and is cleared only by program instruction (TAP or RTI). 

Stop Disable (S) 

This bit, under program control, is set to disable the 
STOP instruction, and is cleared to enable the STOP in- 
struction. The STOP instruction is treated as no operation 
(NOP) if the S bit is set. 

RESETS 

The MCU c an be reset four ways: 1) an active low input 
to the RESET pin; 2) a power-on reset function; 3) a com- 
puter operating properly (COP) wat chdog- timer timeout; 
and 4) a clock monitor failure. The RESET in put con sists 
mainly of a Schmitt trigger that senses the RESET line 
logic level. 

RESET PIN 



To request an external reset, the RESET pin must be 
held low for eight E cvc (two E cvc if no distinction is needed 
between internal and external resets). To prevent the 
EEPROM contents from being corrupted during power 
transitions, the reset line should be held low while Vqd 
is below its minimum operating level. A low voltage in- 
hibit (LVI) circuit is required to protect EEPROM from 
corruption as shown in Figure 3. 



POWER-ON RESET (POR) 

Power-on reset occurs when a positive transition is 
detected on Vdq. The power-on reset is used strictly for 
power turn-on conditions and should not be used to de- 
tect any drop in the power supply voltage. If the external 
RESET pin is low at the end of the power-on dela y time, 
the processor remains in the reset condition until RESET 
goes high. 

COMPUTER OPERATING PROPERLY (COP) RESET 

The MCU contains a watchdog timer that automatically 
times out if not reset within a specific time by a program 
reset sequence. If the COP watchdog timer is allowed to 
timeout, a reset is generated, which drives the RESET pin 
low to reset the MCU and the external system. 

The COP reset function can be enabled or disabled by 
setting the control bit in an EEPROM cell of the system 
configuration register. Once programmed, this control bit 
remains set (or cleared) even when no power is applied, 
and the COP function is enabled or disabled independent 
of resident software. Protected control bits (CR1 and CRO), 
in the configuration options register, allow the user to 
select one of four COP timeout rates. Table 2 shows the 
relationship between CR1 and CRO and the COP timeout 
period for various system clock frequencies. 

CLOCK MONITOR RESET 

The MCU contains a clock monitor circuit which meas- 
ures the E clock input frequency. If the E clock input rate 
is above 200 kHz, then the clock monitor does not gen- 
erate a MCU reset. If the E clock signal is lost or its fre- 
quency f alls belo w 1 0 kHz, then a MCU reset is generated, 
and the RESET pin is driven low to reset the external 
system. 

The clock monitor reset can be enabled or disabled by 
a read-write control bit (CME) in the system configuration 
options register. 



INTERRUPTS 

There are seventeen hardware and one software in- 
terrupts (excluding reset type interrupts) that can be gen- 
erated from all the possible sources. These interrupts can 
be divided into two categories, maskable and non-mask- 
able. Fifteen of the interrupts can be masked with the 
condition code register I bit. All the on-chip interrupts are 
individually maskable by local control bits. The sof tware 
interrupt is non-maskable. The external input to the XIRQ 



Table 2. COP Timeout Periods 



CR1 


CRO 


E/2 15 
Divided 
By 


XTAL = 2 23 
Timeout 
-1/+15.6 ms 


XTAL=8.0 MHz 
Timeout 
-0/ + 16.4 ms 


XTAL=4.9152 MHz 
Timeout 
-0/+26.7 ms 


XTAL = 4.0 MHz 
Timeout 
-0/ + 32.8 ms 


XTAL= 3.6864 MHz 
Timeout 
-0/ + 35.6 ms 


0 


0 


1 


15.625 ms 


16.384 ms 


26 667 ms 


32 768 ms 


35.556 ms 


0 


1 


4 


62.5 ms 


65.536 ms 


106.67 ms 


131.07 ms 


142 22 ms 


1 


0 


16 


250 ms 


262.14 ms 


426.67 ms 


524.29 ms 


568 89 ms 


1 


1 


64 


1 s 


1.049 s 


1.707 s 


2.1 s 


2.276 s 






E = 


2.1 MHz 


2.0 MHz 


1.2288 MHz 


1.0 MHz 


921.6 kHz 
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Figure 3. Typical LVI Reset Circuits 



pin is considered a non-maskable interrupt because, once 
enabled, it cannot be masked by software; however, it is 
ma sked d uring reset and upon receipt of an interrupt at 
the XIRQ pin. The last interrupt, illegal opcode, is also a 
non-maskable interrupt. Table 3 provides a list of each 
interrupt, its vector location in ROM, and the actual con- 
dition code and control bits that mask it. Figure 4 shows 
the interrupt stacking order. 

SOFTWARE INTERRUPT (SWI) 

The SWI is executed the same as any other instruction 
and will take precedence over interrupts only if the other 



interrupts are masked (I and X bits in the CCR set). The 
SWI execution is similar to the maskable interrupts such 
as setting the I bit, CPU registers are stacked, etc. 



NOTE 

The SWI instruction cannot be fetched as long as 
another interrupt is pending execution. However, 
once fetched, no other interrupt can be honored 
until the first instruction in the SWI service routine 
is completed. 
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Table 3. Interrupt Vector Assignments 



Vector 
Address 


Interrupt Source 


CC 

Register Mask 


Local Mask 


FFCO, CI 


Reserved 




- 


FFD4, D5, 
FFD6, D7 


Reserved 

SCI Serial System 

Receive Data Register Full 

Receive Overrun 

Idle Line Detect 

Transmit Data Register Empty 

Transmit Complete 


I Bit 


RIE 
RIE 
ILIE 
TIE • 
TCIE 


FFD8, D9 
FFDA, DB 
FFDC, DD 
FFDE, DF 


SPI Serial Transfer Complete 
Pulse Accumulator Input Edge 
Pulse Accumulator Overflow 
Timer Overflow 


I Bit 
I Bit 
I Bit 
I Bit 


SPIE 
PAII 
PAOVI 
TOI 


FFEO, E1 
FFE2, E3 
FFE4, E5 
FFE6, E7 


Timer Output Compare 5 
Timer Output Compare 4 
Timer Output Compare 3 
Timer Output Compare 2 


I Bit 
I Bit 
I Bit 
I Bit 


OC5I 
OC4I 
OC3I 
OC2I 


FFE8, E9 
FFEA, EB 
FFEC, ED 
FFEE, EF 


Timer Output Compare 1 
Timer Input Capture 3 
Timer Input Capture 2 
Timer Input Capture 1 


I Bit 
I Bit 
I Bit 
I Bit 


OC1I 
OC3I 
OC2I 
OC1I 


FFFO, F1 
FFF2, F3 

FFF4, F5 
FFF6, F7 


Real-Time Interrupt 

IRQ (External Pin or Parallel I/O) 

External Pin 

Parallel I/O Handshake 
XIRQ Pin (Pseudo Non-Maskable Interrupt) 
SWI 


I Bit 
I Bit 

X Bit 
None 


RTII 

None 
STAI 
None 
None 


FFF8, F9 
FFFA, FB 
FFFC, FD 
FFFE, FF 


Illegal Opcode Trap 

COP Failure (Reset) 

COP Clock Monitor Fail (Reset) 

RESET 


None 
None 
None 
None 


None 
NOCOP 
CME 
None 



ILLEGAL OPCODE TRAP 

Since not all possible opcodes or opcode sequences 
are defined, an illegal opcode detection circuit has been 
included in the MCU. When an illegal opcode is detected, 
an interrupt is requested to the illegal opcode vector. 



REAL-TIME INTERRUPT 

The real-time interrupt provides a programmable pe- 
riodic interrupt. This interrupt is maskable by either the 
I bit in the CCR or the RTII control bit. The rate is based 
on the MCU E clock and is software selectable to be E/ 
2 13 , E/2 14 , E/2 15 , or E/2 16 . 





STACK 


SP 


PCL 


SP-1 


PCH 


SP-2 


IYL 


SP-3 


IYH 


SP-4 


IXL 


SP-5 


IXH 


SP-6 


ACCA 


SP-7 


ACCB 


SP-8 


CCR 


SP-9 





— SP BEFORE INTERRUPT 



— SP AFTER INTERRUPT 



Figure 4. Stacking Order 



LOW-POWER MODES 

The MCU contains two programmable low-power op- 
erating modes: stop and wait. In the wait mode, the on- 
chip oscillator remains active; in the stop mode, the os- 
cillator is stopped. The following paragraphs describe the 
two low-power modes. 

STOP 

The STOP instruction places the MCU in its lowest power 
consumption mode, provided the S bit in the CCR is clear. 
In this mode, all clocks are stopped, thereby halting all 
internal processing. 

To exit the sto p mode, a low level must be applied to 
either IRQ, XIRQ or RESET. An external interrupt used at 
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IRQ is only efective if the I bit in the CCR is clear. An 
external interrupt applied at the XIRQ input would be 
effective regardless of the X-bit setting in the CCR; how- 
ever, the actual recovery sequence differs, depending on 
the X-bit setting. If the X bit is clear, the MCU starts with 
the stack ing sequence leading to the normal service of 
the XIRQ reques t. If th e X bit is set, the processing will 
continue (if no XIRQ interrupt service routine is re- 
quested) with the instruction immedi ately fo llowing the 
STOP instruction. A low input to the RESET pin will al- 
ways result in an exit from the stop mode, and the start 
of MCU operations is determined by the reset vector. 

If the internal oscillator is being used, a restart delay 
is required to allow the oscillatorto stabilize when exiting 
the stop mode. If a stable external oscillator is being used, 
a control bit in the OPTION register may be used (cleared) 
to byp ass the delay. If the control bit is clear, then the 
RESET pin would not normally be used for exiting the 
stop mode. In this case, the reset sequence sets the delay 
control bit, and the restart delay will be imposed. 

WAIT 

The WAIT instruction places the MCU in a low-power 
consumption mode, but the WAIT mode consumes slightly 
more power than the STOP mode. In the WAIT mode, the 
oscillator is kept running. Upon execution of the WAIT 
instruction, the machine state is stacked and program 
execution stops. The w ait state can only be exited by an 
unmasked interrupt or RESET. If the I bit is set and the 
COP is disabled, the timer system will be turned off to 
further reduce power consumption. The amount of power 
savings is application dependent and depends upon cir- 
cuitry connected to the MCU pins and upon subsystems 
(i.e., timer, SPI, SCI) that are active when the WAIT mode 
is entered. Turning off the A/D subsystem by clearing 
ADPU further reduces WAIT-mode current. 

PROGRAMMABLE TIMER 

The timer system uses a "time-of-day" approach in that 
all timing functions are related to a single 16-bit free- 
running counter. The free-running counter is clocked by 
the output of a programmable prescaler (divide by 1, 4, 
8, or 16), which is, in turn, clocked by the MCU E clock. 
The free-running counter can be read by software at any 
time without affecting its value because it is clocked and 
read on opposite half cycles of the E clock. The counter 
is cleared on reset and is a read-only register. The counter 
repeats every 65,536 counts, and when the count changes 
from $FFFF to $0000, a timer overflow flag bit is set. The 
overflow flag also generates an internal interrupt if the 
overflow interrupt enable bit is set. The timer has three 
input capture and five output compare functions. The 
functions and registers of the timer are explained in the 
following paragraphs. 

INPUT CAPTURE FUNCTION 

There are three 16-bit read-only input capture registers 
that are not affected by reset. Each register is used to 
latch the value of the free-running counter when a se- 
lected transition at an extenal pin is detected. External 
devices provide the inputs on the PA0-PA2 pins, and an 
interrupt can be generated when an input capture edge 



is detected. The time of detection can be read from the 
appropriate register as part of the interrupt routine. 

TIMER CONTROL REGISTER 2 (TCTL2) 

7 6 5 4 3 2 1 0 



0 


0 


EDG1B 


EDG1A 


EDG2B 


EDG2A 


EDG3B 


EDG3A 


RESET 
0 


0 


0 


0 


0 


0 


0 


0 



Bits 7-6 — Not Implemented 

These bits always read zero. 
EDGxB and EDGxA— Input Capture x Edge Control 

These two bits (EDGxB and EDGxA) are cleared to 

zero by reset and are encoded to configure the input 

sensing logic for input capture x. 



EDGxB 


EDGxA 


Configuration 


0 


0 


Capture disabled 


0 


1 


Capture on rising edges only 


1 


0 


Capture on falling edges only 


1 


1 


Capture on any (rising or falling) edge 



OUTPUT COMPARE FUNCTION 

There are five 16-bit read/write output compare reg- 
isters, which are set to $FFFF on reset. A value written 
into the SE registers is compared to the free-running 
counter value during each E-clock cycle. If a match is 
found, the particular output compare flag is set, and an 
interrupt is generated, provided that particular interrupt 
is enabled. 

In addition to the interrupt, a specified action may be 
initiated at a timer output pin(s). For output compare one 
(OC1), the output action to be taken when a match is 
found is controlled by a 5-bit mask register and a 5-bit 
data register. The mask register specifies which timer 
port outputs are to be used, and the data register specifies 
what data is placed on the SE timer ports. For OC2 through 
OC5, one specific timer output is affected as controlled 
by the two-bit fields in a timer control register. These 
actions include: Utimerdisconnectfrom output pin logic, 
2) toggle output compare line, 3) clear output compare 
line to zero, or 4) set output compare line to one. 

TIMER COMPARE FORCE REGISTER (CFORC) 

This 8-bit write-only register is used to force early out- 
put compare actions. This compare force function is not 
recommended for use with the output toggle function 
because a normal compare occurring immediately before 
or after the force may result in undersirable operation. 
7 6 5 4 3 2 1 0 



FOCI 


F0C2 


F0C3 


F0C4 


F0C5 


0 


0 


0 


RESET 
0 


0 


0 


0 


0 


0 


0 


0 



FOC1-FOC5 — Force Output Compare x Action 

1 = Causes action progrmmed for output compare 

x, except the OCxF flag bit is not set 
0 = Has no meaning 
Bits 2-0 — Not Implemented 
These bits always read zero. 
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OUTPUT COMPARE 1 MASK REGISTER (OC1M) 

This register is used with output compare 1 to specify 
the bits of port A which are affected as a result of a 
successful OC1 compare. 

7 6 5 4 3 2 1 0 



0C1M7 


0C1MB 


0C1M5 


0C1M4 


0C1M3 


0 


0 


0 


RESET 
0 


0 


0 


0 


0 


0 


0 


0 



Set bit(s) to enable OC1 to control corresponding pin(s) 
of port A. 

OUTPUT COMPARE 1 DATA REGISTER (OC1D) 

This register is used with output compare 1 to specify 
the data which is to be stored to the affected bit of port 
A as a result of a successful OC1 compare. 

7 6 5 4 3 2 1 0 



0C1D7 


0C1D6 


0C1D5 


0C1D4 


0C1D3 


0 


0 


0 


RESET 
0 


0 


0 


0 


0 


0 


0 


0 



If OC1Mx is set, data in OC1Dx is output to port A bit-x 
on successful OC1 compares. 

TIMER CONTROL REGISTER (TCTL1) 



7 


6 


5 


4 


3 


2 


1 


0 


0M2 


0L2 


0M3 


0L3 


0M4 


0L4 


0M5 


0L5 


RESET 
0 


0 


0 


0 


0 


0 


0 


0 



OM2-OM5 — Output Mode 

OL2-OL5 — Output Level 

These control bit pairs (OMx and OLx) are encoded 
to specify the output action taken as a result of a 
successful OCx compare. 



OMx OLx Action Taken Upon Successful Compare 



TIMER INTERRUPT FLAG REGISTER 1 (TFLG1) 

This register is used to indicate the occurrence of timer 
system events and, with the TMSK1 register, allows the 
timer subsystem to operate in a polled or interrupt driven 
system. Each bit in the TFLG1 has a corresponding bit in 
the TMSK1 in the same bit position. 

7 6 5 4 3 2 1 0 



0C1F 


0C2F 


0C3F 


0C4F 


0C5F 


IC1F 


IC2F 


IC3F 


RESET 
0 


0 


0 


0 


0 


0 


0 


0 



OCxF — Output Compare x Flag 

Set each time the timer counter matches the output 
compare register x value. To clear a flag bit inTFLGI, 
you must write a "one" to the corresponding bit po- 
sition(s). 
1 = Bit cleared 

0 = Not affected 

ICxF — Input Capture x Flag 

Set each time a selected active edge is detected on 
the ICx input line. To clear a flag bit in TFLG1, you 
must write a "one" to the corresponding bit posi- 
tion(s). 

1 = Bit cleared 

0 = Not affected 

TIMER INTERRUPT MASK REGISTER 2 (TMSK2) 

This register is used to control whether or not a hard- 
ware interrupt sequence is requested as a result of a 
status bit being set in TFLG1. Two timer prescaler bits 
are also included in this register. 

7 6 5 4 3 2 1 0 



TOI 


RTII 


PAOVI 


PAH 


0 


0 


PR1 


PRO 


RESET 
0 


0 


0 


0 


0 


0 


0 


0 



TOI — Timer Overflow Interrupt Enable 
1 = Interrupt request when TOF = 1 
0=TOF interrupt disabled 

RTII — RTI Interrupt Enable 
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TIMER INTERRUPT FLAG REGISTER 2 (TFLG2) 

This register is used to indicate the occurrence of timer 
system events and, with the TMSK2 register, allows the 
timer subsystem to operate in a polled or interrupt driven 
system. Each bit in the TFLG2 has a corresponding bit in 
the TMSK2 in the same bit position. 

7 6 5 4 3 2 1 0 



TOF 


RTIF 


PAOVF 


PAIF 


0 


0 


0 


0 


RESET 
0 


0 


0 


0 


0 


0 


0 


0 



mode, a free-running E clock/64 signal drives the 8-bit 
counter, but only while the external PAI input pin is ac- 
tivated. 



PULSE ACCUMULATOR CONTROL REGISTER (PACTL) 
$1026 

Four bits in this register are used to control an 8-bit 
pulse accumulator system, and two other bits are used 
to select the rate for the real-time interrupt system. 




TOF — Timer Overflow 

Set to one each time the 16-bit free-running counter 

advances from a value of $FFFF to $0000. Cleared by 

a write to TFLG2 with bit 7 set. 
RTIF — Real-Time Interrupt Flag 

Set at each rising edge of the selected tap point. 

Cleared by a write to TFLG2 with bit 6 set. 
PAOVF — Pulse-Accumulator Overflow Interrupt Flag 

Set when the count in the pulse accumulator rolls 

over from $FF to $00. Cleared by a write to the TFLG2 

with bit 5 set. 
PAIF — Pulse-Accumulator Input-Edge Interrupt Flag 

Set when an active edge is detected on the PAI input 

pin. Cleared by a write to TFLG2 with bit 4 set. 
Bits 3-0 — Not Implemented 

These bits always read zero. 



PULSE ACCUMULATOR 

The pulse accumulator is an 8-bit counter that can op- 
erate in either of two modes, depending on the state of 
a control bit in the PACTL register. These are the event 
counting mode and the gated time accumulation mode. 
In the event counting mode, the 8-bit counter is clocked 
to increasing values by an external pin. The maximum 
clocking rate for the external event counting mode is E 
clock divided by two. In the gated time accumulation 



DDRA7 PAEN PAMOD PEDGE 



RESET 

0 0 0 0 0 0 0 0 

DDRA7 — Data Direction for Port A Bit 7 
1= Output 

0 = lnput only 

PAEN — Pulse-Accumulator System Enable 

1 = Pulse accumulator on 

0 = Pulse accumulator off 
PAMOD — Pulse Accumulator Mode 

1 = Gated time accumulator 
0 = External even counting 

PEDGE — Pulse Accumulator Edge Control 

This bit provides clock action along with PAMOD. 
1= Sensitive to rising edges at PAI pin if PA- 
MOD = 0. In gated accumulation mode counting 
is enabled by a low on PAI pin if PAMOD=1. 
0 = Sensitive to falling edges at PAI pin if 
PAMOD = 0. In gated accumulation mode 
counting is enabled by a high on PAI pin if 
PAMOD = 1. 
Bits 3-2 — Not Implemented 

These bits always read zero. 
RTR1 and RTR0 — RTI Interrupt Rate Selects 

These two bits select one of four rates for the real- 
time periodic interrupt circuits. Reset clears these 
two bits and after reset, a full RTI period elapses 
before the first RTI interrupt. 



RTR1 


RTR0 


Divide 
E By 


XTAL = 2 23 


XTAL=8.0 MHz 


XTAL=4.9152 MHz 


XTAL=4.0 MHz 


XTAL= 3.6864 MHz 


0 


0 


2 13 


3.91 ms 


4.10 ms 


6.67 ms 


8.19 ms 


8.89 ms 


0 


1 


214 


7.81 ms 


8.19 ms 


13.33 ms 


16.38 ms 


17.78 ms 


1 


0 


215 


15.62 ms 


16.38 ms 


26.67 ms 


32.77 ms 


35.56 ms 


1 


1 


2 16 


31.25 ms 


32.77 ms 


53.33 ms 


65.54 ms 


71.11 ms 



E= 2.1MHz 2.0 MHz 1.2288 MHz 1.0 MHz 921.6 kHz 



EEPROM PROGRAMMING 

The 512 bytes of EEPROM are located at $B600 through 
$B7FF and have the same read cycle time as the internal 
ROM. Programming of the EEPROM is controlled by the 
EEPROM programming control register (PPROG). The 
EEPROM is disabled when the EEON bit in the system 



configuration register (CONFIG) is zero. Programming and 
erasure of the EEPROM relies on an internal high-voltage 
charge pump. At E clock frequencies below 2 MHz, the 
efficiency of this charge pump decreases, which in- 
creases the time required to program or erase a location. 
Recommended program and erase time is 10 millise- 
conds when the E clock is between 2 MHz and should be 
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increased to as much as 20 milliseconds when E clock is 
between 1 MHz and 2 MHz. When E clock is below 1 MHz, 
the clock source for the charge pump should be switched 
from the system clock to an on-chip R-C oscillator clock. 
This is done by setting the CSEL bit in the OPTION reg- 
ister. A 10 millisecond period should be allowed after 
setting the CSEL bit to allow the charge pump to stabilize. 
The following paragraphs describe how to program or 
erase the EEPROM using the PPROG control register. 

ERASING THE EEPROM 

Erasure of the EEPROM is controled by bit settings in 
PPROG. Programs can be written to perform bulk, row, 
or byte erase. In bulk erase, all 512 bytes of the EEPROM 
are erased. In row erase, 16 bytes ($B600-$B60F, $B610- 
$B61F), etc) are erased. Other MCU operations can con- 
tinue to be performed during erasing provided the op- 
erations do not include reads of data from EEPROM. 

PROGRAMMING EEPROM 

During programming, the ROW and BYTE bits are not 
used. If the E clock frequency is 1 MHz or less, the CSEL 
bit in the OPTION register must be set. Zeros must be 
erased by a separate erase operation before program- 
ming. Other MCU operations can continue to be per- 
formed during programming provided the operations do 
not include reads of data from EEPROM. 

EEPROM PROGRAMMING CONTROL REGISTER (PPROG) 
$103B 

This 8-bit register is used to control programming and 
erasure of the EEPROM. This register is cleared on reset 
so the EEPROM is configured for normal reads. 



7 


6 


5 


4 


3 


2 


1 


0 


ODD 


EVEN 


0 


BYTE 


ROW 


ERASE 


EELAT 


EEPGM 


RESET 
0 


0 


0 


0 


0 


0 


0 


0 



ODD — Program Odd Rows (TEST) 
EVEN — Program Even Rows (TEST) 
Bit 5 — Not Implemented 

This bit always reads zero. 
BYTE — Byte Erase Select 

This bit overrides the ROW bit. 
1 = Erase only one byte 

0 = Row or bulk erase 
ROW — Row Erase Select 

If BYTE bit = 1 , ROW has no meaning. 

1 = Row erase 

0 = Bulk or byte erase 
ERASE — Erase Mode Select 

1 = Erase mode 

0 = Normal read or program 
EELAT — EEPROM Latch Control 

1 = EEPROM Address and data configured for pro- 

grammming/erasing 

0 = EEPROM Address and data configured for read 

mode 

EEPGM — EEPROM Programming Voltage Enable 

1 = Programming voltage turned on 
0 = Programming voltage turned off 



NOTE 

If an attempt is made to set both the EELAT and 
EEPGM bit in the same write cycle, neither will be 
set. If a write to an EEPROM address is performed 
while the EEPGM bit is set, the write is ignored, and 
the programming operation currently in progress 
is not disturbed. If no EEPROM address is written 
between when EECAT is set and EEPGM is set, then 
no program or erase operation will take place. These 
safeguards were included to prevent accidental EE- 
PROM changes in cases of program runaway. Mask 
set A38P, A49N, and date codes before 86xx do not 
have these safeguards. 

ERASING THE CONFIG REGISTER 

Erasing the CONFIG register follows the same proce- 
dures as that used for the EEPROM except that only bulk 
erase can be used on the CONFIG register. When the 
CONFIG register is erased, the EEPROM array is also 
erased. On mask set B96D, the CONFIG register may only 
be erased while the MCU is operating in the test or boot- 
strap mode.The bulk erase restriction on CONFIG is not 
present on all derivatives in the MC68HC1 1 family. Please 
check the applicable data sheet ortechnical summary for 
the restrictions. 

PROGRAMMING THE CONFIG REGISTER 

Programming the CONFIG register follows the same 
procedures as that used for the EEPROM except the CON- 
FIG register address is used. On mask set B96D, the CON- 
FIG register may only be programmed while the MCU is 
operating in the test or bootstrap mode. 

SYSTEM CONFIGURATION REGISTER (CONFIG) 

The CONFIG is implemented in EEPROM cells and con- 
trols the presence of ROM and EEPROM in the memory 
map and enables the COP watchdog system. 

7 6 5 4 3 2 1 0 

| 0 | 0 | 0 | Q | NOSEC | N0C0P | R0M0N | EE0N~| 

Bits 7-4 - Not Implemented 

These bits are always read as zero. 

NOSEC — Security Mode Disable Bit 

This bit is only implemented if it is specifically re- 
quested with the submission of mask ROM infor- 
mation. 
1 = Disable security mode 
0= Enable security mode 

NOCOP — COP System Disable 

1 =COP watchdog system disabled 
0=COP watchdog system enabled 

ROMON — Enable On-Chip ROM 

When this bit is programmed to "zero", the 8K ROM 
is disabled, and that memory space becomes exter- 
nally accessed space. In the single-chip mode, the 
internal 8K ROM is enabled regardless of the state 
of the ROMON bit. 

EEON — Enable On-Chip EEPROM 

When this bit is programmed to "zero", the 512-byte 
EEPROM is disabled, and that memory space be- 
comes externally accessed space. 
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SERIAL COMMUNICATIONS INTERFACE 

The serial communications interface (SCI) allows the 
MCU to be efficiently interfaced with peripheral devices 
that require an asynchronous serial data format. The SCI 
uses a standard NRZ format with a variety of baud rates 
derived from the crystal clock circuit. Interfacing is ac- 
complished using port D pins: PDO for receive data (RxD) 
and PD1 for the transmit data (TxD). The baud-rate gen- 
eration circuit contains a programmable prescaler and 



divider clocked by the MCU E clock. Figure 5 shows a 
block diagram of the SCI. 

DATA FORMAT 

Receive data in or transmit data out is the serial data 
presented between the PDO and the internal data bus and 
between the internal data bus and PD1. The data format 
requires 

1 ) An idle line in the high state prior to transmission/ 
reception of a message; 
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NOTE: The Serial Communications Data Register (SCDR) is controlled by the internal R/W signal. It is the transmit data register when 
written and received data register when read. 



Figure 5. SCI Block Diagram 



MOTOROLA MICROPROCESSOR DATA 
3-1532 



MC68HC11A8 



2) A start bit that is transmitted/received, indicating 
the start of each character; 

3) Data that is transmitted and received least-signif- 
icant bit (LSB) first; 

4) A stop bit (tenth or eleventh bit set to logic one), 
which indicates the frame is complete; and 

5) A break defined as the transmission or reception 
of a logic zero for some multiple of frames. 

Selection of the word length is controlled by the M bit in 
serial communications control register 1 (SCCR1). 

TRANSMIT OPERATION 

The SCI transmitter includes a parallel data register and 
a serial shift register. This double-buffered system allows 
a character to be shifted out serially while another char- 
acter is waiting in the transmit data register to be trans- 
ferred into the serial shift register. The output of the serial 
shift register is applied to PD1 as long as transmission is 
in progress or the transmit enable bit is set. 

RECEIVE OPERATION 

Data is received in a serial shift register and is trans- 
ferred to a parallel receive data register as a complete 
word. This double-buffered system allows a character to 
be shifted in serially while another character is already 
in the receive data register. An advanced data recovery 
scheme is used to distinguish valid data from noise in 
the serial data stream. The data input is selectively sam- 
pled to detect receive data, and a majority voting circuit 
determines the value and intergrity of each bit. 

WAKE-UP FEATURE 

The wake-up feature reduces SCI service overhead in 
multiple receiver systems. Software for each receiver 
evaluates the first character(s) of each message. If the 
message is intended for a different receiver, the SCI can 
be placed in a sleep mode, disabling the rest of the mes- 
sage from generating requests for service. Whenever a 
new message begins, logic causes the sleeping receivers 
to awaken and evaluate the initial character(s) of the new 
message. Two methods of wake up are available: idle- 
line wake up or address mark wake up. In idle-line wake 
up, a sleeping receiver wakes up as soon as the RxD line 
becomes idle. In the address mark wake up, a "one" in 
the most-significant bit (MSB) of a character is used to 
indicate that the message is an address that wakes up a 
sleeping receiver. 

SCI REGISTERS 

The following paragraphs describe the operations of 
the five registers used in the SCI. 

Serial Communications Data Registers (SCDR) 

The SCDR performs two functions: as the receive data 
register when it is read and as the transmit data register 
when it is written. Figure 5 shows the SCDR as two sep- 
arate registers. 



Serial Communications Control Register 1 (SCCR1) 

The SCCR1 provides the control bits to determine word 
length and select the method used for the wake-up fea- 
ture. 
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R8 — Receive Data Bit 8 

If the M bit is set, this bit provides a storage location 
for the ninth bit in the receive data character. 
T8 — Transmit Data Bit 8 i 

If the M bit is set, this bit provides a storage location 
for the ninth bit in the transmit data character. 
Bit 5 — Not Implemented 

This bit always reads zero. 
M — SCI Character Length 

1 = 1 start bit, 9 data bits, 1 stop bit 
0=1 start bit, 8 data bits, 1 stop bit 
WAKE — Wake-Up Method Select 
1 = Address mark 
0 = Idle line 
Bits 2-0 — Not Implemented 
These bits always read zero. 



Serial Communications Control Register 2 (SCCR2) 

The SCCR2 provides the control bits that enable/disable 




individual SCI functions. 
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TIE — Transmit Interrupt Enable 

1 = SCI interrupt if TDRE = 1 

0 = TDR interrupts disabled 
TCIE — Transmit-Complete Interrupt Enable 

1=SCI interrupt if TC = 1 

0 = TC interrupts disabled 
RIE — Receive Interrupt Enable 

1 = SCI interrupt if RDRF or OR = 1 

0 = RDRF or OR interrupt disabled 
ILIE — Idle-Line Interrupt Enable 

1 = SCI interrupt if IDLE = 1 

0 = IDLE interrupts disabled 
TE — Transmit Enable 

1 =Transmit shift register output is applied to the 

TxD line 

0 = PD1 pin reverts to general-purpose I/O as soon 

as current transmitter activity finishes. 
RE — Receive Enable 

1 = Receiver enabled 

0 = Receiver disabled and RDRF, IDLE, OR, NF, and 
FE interrupts are inhibited 
RWU — Receiver Wake Up 

When set by user's software, this bit puts the receiver 
to sleep and enables the "wake-up" function. If the 
WAKE bit is zero, RWU is cleared by the SCI logic 
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after receiving 10 (M = 0) or 11 (M = 1) consecutive 
ones. If WAKE is one, RWU is cleared by the SCI logic 
after receiving a data word whose MSB is set. 
SBK — Send Break 

If this bit is toggled set and cleared, the transmitter 
sends 10 (M = 0) or 11 (M = 1) zeros and then reverts 
to idle or to sending data. If SBK remains set, the 
transmitter will continually send whole frames of ze- 
ros (sets of 10 or 11) until cleared. 



Serial Communications Status Register (SCSR) 

The SCSR provides inputs to the interrupt logic circuits 
for generation of the SCI system interrupts. 
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TDRE — Transmit Data Register Empty 

1 = Automatically set when contents of the serial 
communications data register was transferred 
to the transmit serial shift register 

0 = Cleared by a read of SCSR (with TDRE = 1) fol- 

lowed by a write to SCDR 
TC — Transmit Complete 

1 = Automatically set when all data frame, pream- 

ble, or break condition transmissions are com- 
plete 

0 = Cleared by a read of SCSR (with TC = 1) fol- 

lowed by a write to SCDR 
RDRF — Receive Data Register Full 

1 = Automatically set when a character is trans- 

ferred from the receiver shift register to the 
SCDR 

0 = Cleared by a read of SCSR (with RDRF = 1) fol- 

lowed by a read of SCDR 
IDLE — Idle-Line Detect 

This bit is inhibited while RWU = 1. 

1 = Automatically set when the receiver serial input 

becomes idle after having been active 

0 = Cleared by a read of SCSR (with IDLE = 1) fol- 

lowed by a read of SCDR 
OR — Overrun Error 

1 = Automatically set when a new character cannot 

transfer from the receive shift register because 
the character in SCDR has not been read 



0=Cleared by a read of SCSR (with OR = 1) fol- 
lowed by a read of SCDR 
NF — Noise Flag 

1 =Automatically set when majority voting logic 
does not bind unanimous agreement of all sam- 
ples in any bit in the received frame 

0 = Cleared by a read of SCSR (with NF=1) fol- 

lowed by a write to SCDR 
FE — Framing Error 

1 =Automatically set when a logic 0 is detected 

where a stop bit was expected 
0= Cleared by a read of SCSR (with FE = 1) followed 
by a read of SCDR 
Bit 0 — Not Implemented 
This bit always reads zero. 



Baud-Rate Register (BAUD) 

This register is used to select different baud rates that 
may be used as the rate control for the receiver and trans- 
mitter. 

7 6 5 4 3 2 1 0 



TCLR 


0 


SCP1 


SCPO 


RCKB 


SCR2 


SCR1 


SCRO 


RESET 
0 


0 


0 


0 


0 


U 


U 


u 



TCLR — Clear Baud-Rate Counters (Test) 

This bit is used to clear the baud-rate counter chain 
during factory testing. TCLR is zero and cannot be 
set while in normal operating modes. 

Bit 6 — Not Implemented 
This bit always reads zero. 

SCP1 and SCPO — SCI Baud-Rate Prescaler Selects 
These bits control a prescaler whose output provides 
the input to a second divider which is controlled by 
the SCR2-SCR0 bits. Refer to Table 4. 

RCKB — SCI Baud-Rate Clock Check (Test) 

This bit is used during factory testing to enable the 
exclusive-OR of the receiver clock and transmitter 
clock to be driven out the TxD pin. RCKB is zero and 
cannot be set while in normal operating modes. 

SCR2-SCR0 — SCI Baud-Rate Selects 

These bits select the baud rate for both the trans- 
mitter and the receiver. The prescaler output selected 
by SCP1 and SCPO is further divided by the setting 
of these bits. Refer to Table 5. 



Table 4. Prescaler Highest Baud-Rate Frequency Output 



SCP Bit 


Clock* 
Divided By 


Crystal Frequency (MHz) 


1 


0 


8.3886 


8.0 


4.9152 


4.0 


3.6864 


0 


0 


1 


131.072 K Baud 


125.000 K Baud 


76.80 K Baud 


62.50 K Baud 


57.60 K Baud 


0 


1 


3 


43.690 K Baud 


41.666 K Baud 


25.60 K Baud 


20.833 K Baud 


19.20 K Baud 


1 


0 


4 


32.768 K Baud 


31.250 K Baud 


19.20 K Baud 


15.625 K Baud 


14.40 K Baud 


1 


1 


13 


10.082 K Baud 


9600 Baud 


5.907 K Baud 


4800 Baud 


4430 Baud 



*The clock in the "Clock Divide By" column is the internal processor clock. 
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Table 5. Transmit Baud-Rate Output for a Given Prescaler Output 



SCR Bit 


Divided 


Representative Highest Prescaler Baud-Rate Output 


2 


1 


0 


By 


131.072 K Baud 


32.768 K Baud 


76.80 K Baud 


19.20 K Baud 


9600 Baud 


0 


0 


0 


1 


131.072 K Baud 


32.768 K Baud 


76.80 K Baud 


19.20 K Baud 


9600 Baud 


0 


0 


1 


2 


65.536 K Baud 


16.384 K Baud 


38.40 K Baud 


9600 Baud 


4800 Baud 


0 


1 


0 


4 


32.768 K Baud 


8.192 K Baud 


19.20 K Baud 


4800 Baud 


2400 Baud 


0 


1 


1 


8 


. 16.384 K Baud 


4.096 K Baud 


9600 Baud 


2400 Baud 


1200 Baud 


1 


0 


0 


16 


8.192 K Baud 


2.048 K Baud 


4800 Baud 


1200 Baud 


600 Baud 


1 


0 


1 


32 


4.096 K Baud 


1.024 K Baud 


2400 Baud 


600 Baud 


300 Baud 


1 


1 


0 


64 


2.048 K Baud 


512 Baud 


1200 Baud 


300 Baud 


150 Baud 


1 


1 


1 


128 


1.024 K Baud 


256 Baud 


600 Baud 


150 Baud 


75 Baud 



SERIAL PERIPHERAL INTERFACE 

The serial peripheral interface (SPI) is a high-speed syn- 
chronous serial I/O system. The transfer rate is software 
selectable up to one-half of the MCU E clock rate. The 
SPI may be used for simple I/O expansion or to allow 
several MCUs to be interconnected in a multimaster con- 
figuration. Clock phase and polarity are software pro- 
grammable to allow direct compatibility with a large 
number of peripheral devices. 

Four basic signal lines are associated with the SPI sys- 
tem. These are the master-out-slave-in (MOSI), the mas- 
ter-in-slave-out (MISO), the serial clock (SCK), and the 



slave select (SS). When data is written to the SPI data 
register of a master device, a transfer is automatically 
initiated. A series of eight SCK clock cycles are generated 
to synchronize data transfer. 

When a master device transmits data to a slave device 
via the MOSI line, the slave device responds by sending 
data to the master device via the MISO line. This implies 
full duplex transmission with both data out and data in 
synchronized with the same clock signal. The byte trans- 
mitted is replaced by the byte received, thereby elimi- 
nating the need for separate transmit-empty and receiver- 
full status bits. Figure 6 shows a block diagram of the 
SPI. 
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Figure 6. SPI Block Diagram 
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SPI REGISTERS 

There are three registers in the SPI that provide control, 
status, and data-storage functions. These registers are 
described in the following paragraphs. 

Serial Peripheral Control Register (SPCR) 
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Serial Peripheral Status Register (SPSR) 




SPIE — Serial Peripheral Interrupt Enable 
1 = SPI interrupt if SPIF=1 

0 = SPIF interrupts disabled 

SPE — Serial Peripheral System Enable 

1 = SPI system on 

0 = SPI system off 

DWOM — Port D Wire-OR Mode Option 

This bit affects all six port D pins together. 

1 = Port D outputs act as open-drain outputs 

0 = Port D outputs are normal CMOS outputs 
MSTR — Master Mode Select 

1 = Master mode 

0 = Slave mode 
CPOL — Clock Polarity 

This bit selects the polarity of the SCK clock. 

1 =SCK line idles high 
0 = SCK line idles low 

CPHA — Clock Phase 

This bit selects one of two fundamentally different 

clock protocols. Refer to Figure 7. 
SPR1 and SPRO — SPI Clock Rate Select 

These two bits select one of four baud rates to be 

used as SCK if the SPI is set as the master. They have 

no effect in the slave mode. 
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SPIF — SPI Transfer Complete Flag 

1 =Automatically set when data transfer is com- 
plete between processor and external device 

0 = Cleared by a read of SPSR (with SPIF=1), fol- 

lowed by an access (read or write) of the SPDR 

WCOL — Write Collision 

If CPHA = 0,Jransfer begins when SS goes low and 
ends when SS goes high after eight clock cycles on 
SCK. If CPHA=1, transjer begins the first time SCK 
becomes active while SS is low and ends when the 
SPIF flag gets set. 

1 = Automatically set when an attempt is made to 

write to the SPI data register while data is being 
transferred 

0 = Cleared by a read of SPSR (with WCOL = 1 ), fol- 
lowed by an access (read or write) of the SPDR 
Bit 5 — Not Implemented 

This bit always reads zero. 
MODF — Mode Fault 

This bit indicates the possibility of a multi-master 
conflict for system control and therefore allows a 
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INTERNAL STROBE FOR DATA CAPTURE (ALL MODES) 
Figure 7. Data Clock Timing Diagram 



MOTOROLA MICROPROCESSOR DATA 
3-1536 



MC68HC11A8 



proper exit from system operation to a reset or de- 
fault system state. 
1 = Automatically set when a master device has its 

SS pin pulled low 
0 = Cleared by a read of SPSR (with MODF= 1 ), fol- 
lowed by a write to the SPCR. 
Bits 3-0 — Not Implemented 
These bits always read zero. 

Serial Peripheral Data I/O Register (SPDR) 

This register is used to transmit and receive data on 
the serial bus. A write to this register in a master will 
initiate transmission/reception of another byte. A slave 
writes data to this register for later transmission to a 
master. When transmission is complete, the SPIF status 
bit is set in both the master and slave device. When a 
read is performed on the SPDR, a buffer is actually being 
read. The first SPIF must be cleared by the time a second 
transfer of data from the shift register to the read buffer 
is initiated, or an overrun condition will exist. In case of 
an overrun, the byte causing the overrun is lost. 



INSTRUCTION SET 

The MCU can execute all of the M6800 and M6801 
instructions. In addition to these instructions, 91 new op- 
codes are provided by the paged opcode map. These 
instructions can be divided into five different types: 1) 
accumulator and memory, 2) index register and stack 
pointer, 3) jump, branch, and program control, 4) bit ma- 
nipulation, and 5) condition code register instructions. 
The following paragraphs briefly explain each type. 



ACCUMULATOR/MEMORY INSTRUCTIONS 

Most of these instructions use two operands. One op- 
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The accumulator/memory instruc- 
tions can be divided into four subgroups: 1) load/store/ 
transfer, 2) arithmetic/math, 3) logical, and 4) shift/rotate. 
The following paragraphs describe the different groups 
of accumulator/memory instructions. 



ANALOG-TO-DIGITAL CONVERTER 

The MCU contains an 8-channel, multiplexed-input, 
successive approximation, analog-to-digital (A/D) con- 
verter with sample and hold. Two dedicated lines (Vri_, 
and Vrh) are provided for the reference supply voltage 
input. These pins are used instead of the device power 
pins to increase the accuracy of the A/D conversion. 

The 8-bit A/D conversions of the MCU are accurate to 
within ±1 LSB (±1/2 LSB quantizing errors and ±1/2 
LSB all other errors combinedj.Each conversion is ac- 
complished in 32 MCU E-clock cycles. An internal control 
bit allows selection of an internal conversion clock os- 
cillator that allows the A/D to be used with very low MCU 
clock rates. Atypical conversion cycle requires 16 micro- 
seconds to complete at a 2-MHz bus frequency. 

Four result registers are included to further enhance 
the A/D subsystem along with control logic to control 
conversion activity automatically. A single write instruc- 
tion selects one of four conversion sequences, resulting 
in a conversion complete flag after the first four conver- 
sions. The sequences are as follows: 

1) Convert one channel four times and stop, se- 
quential results placed in the result registers. 

2) Convert one group of four channels and stop, each 
result register is dedicated to one channel. 

3) Convert one channel continuously, updating the 
result registers in a round-robin fashion. 

4) Convert one group of four channels (round-robin 
fashion) continuously, each result register is ded- 
icated to one channel. 



Load/Store/Transfer 

Refer to the following table for load/store/transfer in- 
structions. 



Function 


Mnemonic 


Clear Memory Byte 


CLR 


Clear Accumulator A 


CLRA 


Clear Accumulator B 


CLRB 


Load Accumulator A 


LDAA 


Load Accumulator B 


LDAB 


Load Double Accumulator D 


LDD 


Push A onto Stack 


PSHA 


Push B onto Stack 


PSHB 


Pull A from Stack 


PULA 


Pull B from Stack 


PULB 


Store Accumulator A 


STAA 


Store Accumulator B 


STAB 


Store Accumulator D 


STD 


Transfer A to B 


TAB 


Transfer A to CC Register 


TAP 


Transfer B to A 


TBA 


Transfer CC Register to A 


TPA 


Exchange D with X 


XGDX 


Exchange D with Y 


XGDY 



NOTE 

In the 48-pin dual-in-line package, four conver- 
sion channels are not implemented. These include 
channels four through seven. 



Arithmetic/Math 

Refer to the following table for the arithmetic/math in- 
structions. 
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Function 


Mnemonic 


Add Accumulators 


ABA 


Add B to X 


ABX 


Add B to Y 


ABY 


Add with Carry to A 


ADCA 


Add with Carry to B 


ADCB 


Add Memory to A 


ADDA 


Add Memory to B 


ADDB 


Add 16-Bit to D 


ADDD 


Compare A to B 


CBA 


Compare A to Memory 


CM PA 


Compare B to Memory 


CMPB 


Compare D to Memory (16 Bit) 


CPD 


Decimal Adjust A 


DAA 


Decrement Memory Byte 


DEC 


Decrement Accumulator A 


DECA 


Decrement Accumulator B 


DECB 


Fractional Divide 16x16 


FDIV 


Integer Divide 16x 16 


IDIV 


Increment Memory Byte 


INC 


Increment Accumulator A 


INCA 


Increment Accumulator B 


INCB 


Multiply 8x8 


MUL 


2's Complement Memory Byte 


NEG 


2's Complement A 


NEGA 


2's Complement B 


NEGB 


Subtract B from A 


SBA 


Subtract with Carry from A 


SBCA 


Subtract with Carry from B 


SBCB 


Subtract Memory from A 


SUBA 


Subtract Memory from B 


SUBB 


Subtract Memory from D 


SUBD 


Test for Zero or Minus 


TST 


Test for Zero or Minus A 


TSTA 


Test for Zero or Minus B 


TSTB 



Logical 

This group is used to make comparisions, decisions, 
and extractions of data. Refer to the following list for the 
logical instructions. 



Function 


Mnemonic 


AND A with Memory 


ANDA 


AND B with Memory 


ANDB 



Function 


Mnemonic 


Bit(s) Test A with Memory 


BITA 


Bit(s) Test B with Memory 


BITB 


1's Complement Memory Byte 


COM 


1's Complement A 


COMA 


1's Complement B 


COMB 


Exclusive OR A with Memory 


EORA 


Exclusive OR B with Memory 


EORB 


OR Accumulator A (Inclusive) 


ORAA 


OR Accumulator B (Inclusive) 


ORAB 



Shift/Rotate 

The shift and rotate instructions automatically operate 
through the carry bit, which allows easy extension to 
multiple bytes. Refer to the following list for the shift/ 
rotate instructions. 



Function 


Mnemonic 


Arithmetic Shift Left 


ASL 


(Logical Shift Left) 


(LSL) 


Arithmetic Shift Left A 


ASLA 


(Logical Shift Left Accumulator A) 


(LSLA) 


Arithmetic Shift Left B 


ASLB 


(Logical Shift Left Accumulator B) 


(LSLB) 


Arithmetic Shift Left Double 


ASLD 


(Logical Shift Left Double) 


(LSLD) 


Arithmetic Shift Right 


ASR 


Arithmetic Shift Right A 


ASRA 


Arithmetic Shift Right B 


ASRB 


Logical Shift Right 


LSR 


Logical Shift Right Accumulator A 


LSRA 


Logical Shift Right Accumulator B 


LSRB 


Logical Shift Right Double 


LSRD 


Rotate Left 


ROL 


Rotate Left Accumulator A 


ROLA 


Rotate Left Accumulator B 


ROLB 


Rotate Right 


ROR 


Rotate Right Accumulator A 


RORA 


Rotate Right Accumulator B 


RORB 



— Continued — 



INDEX-REGISTER AND STACK-POINTER INSTRUCTIONS 

These instructions provide a method for storing data 
and for manipulation of index register, stack pointer, and 
individual segments of data within the register and stack 
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pointer. Refer to the following list for the index-register 
and stack-pointer instructions. 



Function 


Mnemonic 


AHH Rtn V 


ABX 


AHH R tn Y 

MUU D IU I 


MD T 


Compare X to M6mory (16 Bit) 


rpv 


Compare Y to Memory (16 Bit) 


PPV 
\*>r T 


Decrement Stack Pointer 


ncc 
Uto 


Decrement Index ReQister X 


UCA 


Decrement Index ReQister Y 


ncv 
UC T 


Increment Stack Pointer 


UNO 


Increment Index ReQister X 


IMY 

una 


Increment Index Register Y 


IMV 
UN T 


Load Index ReQister X 


LDX 


Load Index ReQister Y 


i nv 

LU T 


Load Stack Pointer 


LUO 


rusn a uniu oidCK (low nrsi/ 


PSHX 


rusn t onto oiacK \i_ow rirsij 


ron i 


Pult V frnm ^tnrk- /Minh Firct\ 
run a iium oLaLK \niyii nioi/ 


PULX 


Pull V frrtm QtarV /Uinh Pirctl 

run T irom oiaCK inign rirsij 


PULY 


Store Stack Pointer 


STS 


Store Index Register X 


STX 


Store Index Register Y 


STY 


Transfer Stack Pointer to X 


TSX 


Transfer Stack Pointer to Y 


TSY 


Transfer X to Stack Pointer 


TXS 


Transfer Y to Stack Pointer 


TYS 


Exchange D with X 


XGDX 


Exchange D with Y 


XGDY 



JUMPS/BRANCHES/PROGRAM-CONTROL INSTRUC- 
TIONS 

These instructions provide techniques for modifying 
the normal sequence of the program for conditional and 
unconditional branching. Refer to the following list for 
the jump/branch/program-control instructions. 



Function 


Mnemonic 


Branch if Carry Clear 


BCC 


(Branch if Higher or Same) 


(BHS) 


Branch if Carry Set 


BCS 


(Branch if Lower) 


(BLO) 


Branch if = zero 


BEQ 


Branch if&zero 


BGE 


Branch if)zero 


BGT 



Function 


Mnemonic 


Branch if Higher 


BHI 


Branch ifsZero 


BLE 


Branch if Lower or Same 


BLS 


Branch if(Zero 


BLT 


Branch if Minus 


BMI 


Branch if not = Zero 


BNE 


Branch if Plus 


BPL 


Branch Always 


BRA 


Branch if Bit(s) Clear 


BRCLR 


Branch Never 


BRN 


Branch if Bit(s) Set 


BRSET 


Branch to Subroutine 


BSR 


Branch if Overflow Clear 


BVC 


Branch if Overflow Set 


BVS 


Jump 


JMP 


Jump to Subroutine 


JSR 


No Operation 


NOP 


Return from Interrupt 


RTI 


Return from Subroutine 


RTS 


Stop Internal Clocks 


STOP 


Software Interrupt 


SWI 


Test Operation (Test Mode Only) 


TEST 


Wait for Interrupt 


WAI 



BIT-MANIPULATION INSTRUCTIONS 

The MCU is capable of setting or clearing any bit re- 
siding in the first 256 bytes of the memory space in direct 
address mode. The MCU can use any bit in the 64K mem- 
ory map, and all bit-manipulation instructions can be used 
with direct or index (x or y) addressing modes. Software 
can configure the memory map so that internal RAM, 
and/or internal registers, or external memory space can 
occupy these addresses. The bit-manipulation instruc- 
tions use an 8-bit mask, which allows simultaneous op- 
erations on any combination of bits in a location. Refer 
to the following list for the bit-manipulation instructions. 



Function 


Mnemonic 


Clear Bit(s) 


BCRL 


Branch if Bit(s) Clear 


BRCRL 


Branch if Bit(s) Set 


BRSET 


Set Bit(s) 


BSET 



— Continued • 



CONDITION-CODE-REGISTER INSTRUCTIONS 

These instructions are register reference instructions 
and are used to control processor operation during 
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program execution. Refer to the following list for the 
condition-code-register instructions. 



Function 


Mnemonic 


Clear Carry Bit 


CLC 


Clear Interrupt Mask 


CLI 


Clear Overflow Flag 


CLV 


Set Carry 


SEC 


Set Interrupt Mask 


SEI 


Set Overflow Flag 


SEV 


Transfer A to CC Register 


TAP 


Transfer CC Register to A 


TPA 



OPCODE MAP SUMMARY 

Table 4 is an opcode map for the instructions used on 
the MCU. 



ADDRESSING MODES 

The MCU uses six different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. Some instructions require an ad- 
ditional byte before the opcode to accommodate a mul- 
tipage opcode map; this byte is called a prebyte. 

The term "effective address" (EA) is used in describing 
the various addressing modes. Effective address is de- 
fined as the address from which the argument for an 
instruction is fetched or stored. The following paragraphs 
describe the different addressing modes. 

IMMEDIATE 

In the immediate addressing mode, the operand is con- 
tained in the byte immediately following the opcode. 
These are two, three, or four (if prebyte is required) byte 
instructions. 

DIRECT 

In the direct addressing mode, the least-significant byte 
of the operand address is contained in a single byte fol- 
lowing the opcode and the most-significant byte of an 
address is assumed to be $00. Direct addressing allows 
the user to directly address $0000 through $00FF using 
two-byte instructions, and execution time is reduced by 



eliminating the additional memory access. In most ap- 
plications, this 256-byte area is reserved for frequently 
referenced data. In the MCU, software can configure the 
memory map so that internal RAM, and/or internal reg- 
isters, or external memory space can occupy these ad- 
dresses. 

EXTENDED 

In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. These are three or four (if prebyte is 
required) byte instructions: one or two for the opcode 
and two for the effective address. 

INDEXED 

In the indexed addressing mode, one of the index reg- 
isters (X or Y) is used in calculating the effective address. 
In this case, the effective address is variable and depends 
on two factors: 1) the current contents of the index reg- 
ister (X or Y) being used, and 2) the 8-bit unsigned offset 
contained in the instruction. This addressing mode al- 
lows referencing any memory location in the 64K byte 
address space. These are usually two or three (if prebyte 
is required) byte instructions, the opcode plus the 8-bit 
offset. 

RELATIVE 

The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8- 
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. These 
are usually two-byte instructions. 

INHERENT 

In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in- 
structions are one- or two-byte instructions. 

PREBYTE 

To expand the number of instructions used in the MCU, 
a prebyte instruction has been added to certain instruc- 
tions. The instructions affected are usually associated with 
index register Y. Accessing opcodes from page 2, 3, or 4 
would require a prebyte instruction. 
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ACCA 


ACCB 






INH 


REL 


INH 


ACCA 


ACCB 


m 

INDX 


EXT 


IMM 


DIR 


IY) 
INDX 


EXT 


IMM 


DIR 


(Y) 
INDX 


EXT 


HI 


0 

0000 


1 

0001 


2 

0010 


3 

0011 


4 

0100 


5 

0101 


6 

0110 


7 


8 

1000 


9 

1001 


A 

1010 


B 


C 

1100 


D 

1101 


E 

1110 


F 

mi 


HI 


0 

0000 




SBA 2 

i 


3 

BRA 

2 


12) 3 

TSX(Y| 

1 I4I 


2 

NEGA 

i 


2 

NEGB 

1 


(3) 6 

NEG 

2 (71 


6 

NEG 

3 


2 

SUBA 

2 


3 

SUBA 

2 


SUBA 


4 

SUBA 

3 


2 

SUBB 


3 

SUBB 

2 


(3) 4 

SUBB 

2 (5) 


SUBB 

3 


0 


1 

ooot 


NOP 2 


CBA 2 

1 


3 

BRN 

2 


3 

INS 










2 

CMPA 

2 


3 

CMPA 

2 


CMPA 


4 

CMPA 


2 

CMPB 

2 


3 

CMPB 

2 


(31 4 

CMPB 

2 (SI 


CMPB 

3 


1 


2 

0010 


IDIV 


6 

BRSET 


3 

BHI 

2 


PULA 










2 

SBCA 

2 


3 

SBCA 

2 


SBCA 


SBCA 

3 


2 

SBCB 

2 


3 

SBCB 

2 


(3) 4 

SBCB 

2 15) 


SBCB 

3 


2 


3 

0011 


FDIV " 


6 

BRCLR 


3 

BLS 

2 


PULB 


2 

COMA 

i 


2 

COMB 


(3) 6 

COM 

2 (7) 


6 

COM 

3 


3 SUBD 


, 5 

2 SUBD 


2 SUBD , 7 , 


» 6 

3 SUBD 


ADDD 

3 


5 

ADDD 

2 


13) 6 

ADDD 

2 (71 


ADDD 

3 


3 


4 

0100 


LSRD 


BSET 6 

3 


{BHS) 3 
2 BCC 


3 

DES 


2 

LSRA 

i 


2 

LSRB 


13) 6 

LSR 

2 17) 


6 

LSR 

3 


2 

ANDA 

2 


3 

ANDA 

2 


ANDA 


ANDA 

3 


2 

ANDB 

2 


3 

ANDB 

2 


13) 4 

ANDB 

2 15) 


ANDB 

3 


4 


5 

0101 


(LSLD) 3 
1 ASLD 


6 

BCLR 

3 


(BLO) 3 
2 BCS 


12) 3 

TX(Y)S 

1 14) 










2 

BITA 

2 


3 

BITA 

2 


BITA 


BITA 

3 


2 

BITB 

2 


3 

BITB 

2 


13) 4 

BITB 

2 (5) 


BITB 

3 


5 


6 

0110 


2 

TAP 


TAB 2 

l 


3 

BNE 

2 


3 

PSHA 


2 

RORA 

i 


2 

RORB 

l 


131 6 

ROR 

2 17) 


6 

ROR 

3 


2 

LDAA 

2 


3 

LDAA 

2 


LDAA 


4 

LDAA 

3 


2 

LDBB 

2 


3 

LDBB 

2 


13) 4 

LDBB 

2 151 


LDBB 

3 


6 


7 

0111 


2 

TPA 


TBA 2 


BEQ 

2 


3 

PSHB 


2 

ASRA 

i 


2 

ASRB 


131 6 

ASR 

2 (71 


6 

ASR 

3 




3 

STAA 

2 


STAA 


STAA 

3 




3 

STBB 

2 


13) 4 

STBB 

2 15) 


STBB 

3 


7 


8 

1000 


12] 3 

INX(Y) 

1 (4) 


PAGE 2 


3 

BVC 

2 


12) 5 

PULX(Y) 

1 16) 


2 

AS LA 

i 


2 

ASLB 


131 6 

ASL 

2 (7) 


6 

ASL 

3 


2 

EORA 

2 


3 

EORA 

2 


EORA 


EORA 

3 


2 

EORB 

2 


3 

EORB 

2 


(31 4 

EORB 

2 151 


EORB 

3 


8 


9 

1001 


(21 3 

DEX(Y) 

1 14) 


2 

DAA 


3 

BVS 

2 


5 

RTS 


2 

ROLA 

1 


2 

ROLB 

i 


(3) 6 

ROL 

2 (7! 


6 

ROL 

3 


2 

ADCA 

2 


3 

ADCA 

2 


ADCA 


ADCA 

3 


2 

ADCB 

2 


3 

ADCB 

2 


13) 4 

ADCB 

2 15) 


ADCB 

3 


9 


A 

1010 


CLV 2 


PAGE 3 


3 

BPL 

2 


<2) 3 

ABX(Y) 

1 (4) 


2 

DECA 

i 


2 

DECB 

1 


13) 6 

DEC 

2 17) 


6 

DEC 

3 


2 

ORAA 

2 


3 

ORAA 

2 


ORAA 


ORAA 

3 


2 

ORAB 

2 


3 

ORAB 

2 


l3 ' ORAB 4 

2 15) 


ORAB 


A 


B 

1011 


2 

SEV 


2 

ABA 


3 

BMI 

2 


12 

RTI 










2 

ADDA 

2 


3 

ADDA 

2 


ADDA 


ADDA 

3 


2 

ADDB 

2 


3 

ADDB 

2 


13) 4 

ADDB 

2 15) 


ADDB 

3 


B 


C 

1100 


2 

CLC 


141 7 

BSET 

3 18) 


3 

BGE 

2 


I2I PSHX(Y) * 

1 (5) 


INCA 2 

i 


INCB 2 

i 


131 6 

INC 

2 17) 


6 

INC 

3 


14) 4 

CPX(Y) 

3 5 


(3) 5 

CPX(Y) 

2 16) 


2 CPX(Y) „, 


14) 6 

CPX(Y) 

3 171 


3 

LDD 

3 


LDD * 

2 


13) 5 

LDD 

2 16) 


LDD 5 

3 


C 


D 

1101 


2 

SEC 


141 7 

BCLR 

3 18! 


3 

BLT 

2 


10 

MUL 


TSTA 


TSTB 2 


131 6 

TST 

2 (7) 


6 

TST 

3 


6 

BSR 


JSR 5 

2 


JSR 


6 

JSR 

3 


PAGE 4 


STD 

2 


13) 5 

STD 

2 16) 


STD 5 

3 


D 


E 

1110 


2 

cu 


151 7 

BRSET 

4 181 


3 

BGT 

2 


12 

WAI 






13) 3 

JMP 

2 14) 


JMP 3 

3 


LDS 

3 


4 

LDS 

2 


LDS 


5 

LDS 

3 


(4) 3 

LDX(Y) 

3 I4I 


I3I 4 

LDX(Y) 

2 15) 


13) 5 

LDX(Y) 

2 (6) 


141 . 5 

LDX(Y) 

3 (6) 


E 


F 

mi 


2 

SEI 


15) 7 

BRCLR 

4 18! 


3 

BLE 

2 


14 

SWI 


2 

CLRA 

i 


2 

CLRB 

i 


(31 6 

CLR 

2 171 


6 

CLR 

3 


121 3 

XGDXIY) 

1 (4) 


4 

STS 

2 


Pl STS 

2 161 


5 

STS 

3 


STOP 2 

i 


13) 4 

STX(Y) 

2 15) 


13) 5 

STX(Y) 

2 16) 


141 . 6 

3 STX|Y) |6) 


F 



'Page 3 and 4 Opcode Reference 



INH Inherent 

REL Relative 

IMM Immediate 

EXT Extended 

DIR Direct 

INDXIYI Index X(YI 



Mnemonic 


Page 


Opcode 


Bytes 


Cycles 


CPD 


3 


83 


4 


5 




3 


93 


3 


6 




3 


B3 


4 


7 




3 


A3 


3 


7 




4 


A3 


3 


7 


CPY 


3 


AC 


3 


7 


CPX 


4 


AC 


3 


7 


LDY 


3 


EE 


3 


6 


LDX 


4 


EE 


3 


6 


STY 


3 


EF 


3 


6 


STX 


4 


EF 


3 


6 



Bytes (Y) • 
MNEMONIC • 

Bytes ■ 



rage 

*R2) t 3> 



Page 3 and 4 Opcode Reference 
# Cycles 



*-INX(Y) 



• # Cycles (Y) 



X Y (Page 2 Opcode) 



CO 



MC68HC11A8 



ELECTRICAL SPECIFICATIONS 



MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


V D D 


-0.3 to +7.0 


V 


Input Voltage 


Vm 


-0.3 to +7.0 


V 


Operating Temperature Range 
MC68HC11A8 
MC68HC11A8V 
MC68HC1 1A8M 


T A 


TL to T H 

-40 to 85 
-40 to 105 
-40 to 125 


°c 


Storage Temperature Range 


T stg 


-55 to 150 


c c 


Current Dram per Pin* 
Excluding Vno- Vss. Vrh- and Vrl 


id 


25 


mA 


*One pin at a time, observing maximum power dissipation limits. 
THERMAL CHARACTERISTICS 


Characteristic 


Symbol 


Value 


Unit 


Thermal Resistance 
Plastic 52-Pin Quad Pack (PLCC) 
Plastic 48-Pin Dual-ln-Line 


»JA 


50 
40 


°C/W 



This device contains circuitry to protect the in- 
puts against damage due to high static voltages 
or electric fields; however, it is advised that nor- 
mal precautions be taken to avoid application of 
any voltage higher than maximum-rated volt- 
ages to this high-impedance circuit. Reliability 
of operation is enhanced if unused inputs are 
tied to an appropriate logic voltage level (e.g., 
either GND or Vno). 



POWER CONSIDERATIONS 

The average chip-junction temperature, Tj, in °C can 
be obtained from: 

Tj = T A + (PD-ejA> (D 

where: 

Ta = Ambient Temperature, °C 

"JA = Package Thermal Resistance, Junction-to- 

Ambient, °C/W 
PD =P|NT+P|/0 

P|NT = 'DD X VOD- Watts — Chip Internal Power 
P|/0 = Power Dissipation on Input and Output Pins, 
Watts — User Determined 



For most applications P|/0<P|NT an -d can be neglected. 
The following is an approximate relationship between 

Pq and Tj (if P|/o is neglected): 

PD = K-(Tj + 273°C) (2) 

Solving equations (1) and (2) for K gives: 

K = PD-(T A + 273°C) + ej A -P D 2 (3) 
where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring Pq 
(at equilibrium) for a known T A . Using this value of K, 
the values of Pq and Tj can be obtained by solving equa- 
tions (1) and (2) iteratively for any value of Ta- 
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DC ELECTRICAL CHARACTERISTICS (V DD = 5.0 Vdc±10%, V S s = 0 Vdc, T A = T L to Th, unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Output Voltage All Outputs 
l Load= ±10.0 uA (see Note 1) All Outputs Except RESET and MODA 


vol 

V 0 H 


Vdd-o.1 


0.1 


V 


Output High Voltage All Outputs Except RESET, 
'Load = - 0-8 mA, Vqd = 4.5 V (see Note 1 ) XTAL, and MODA 


VOH 


v D d -o.8 




V 


Output Low Voltage All Outputs Except XTAL 
I Load = 16 mA 


vol 




0.4 


V 


Input High Voltage All Inputs Except RESET 

RESET 


V|H 


0.7 x v D D 

0.8xVdq 


v D d 
Vdd 


V 


Input Low Voltage All Inputs 


V|L 


v S s 


0.2 x v D d 


V 


I/O Ports, Three-State Leakage PA7, PC0-PC7, PD0-PD5, 
Vin = V| H or V| L AS/STRA, MODA/LIR, RESET 


ioz 




±10 


HA 


Input Current (see Note 2) 
Vin = V DD or V S S PA0-PA2, IRQ, XIRQ 
Vin = VDD °r Vss MODB/VsTBY 


■in 




±i 

±10 


HA 


RAM Standby Voltage Powerdown 


VSB 


4.0 


vdd 


V 


RAM Standby Current Powerdown 


'SB 




20 


(xA 


Total Supply Current (see Note 3) 
RUN: 
Single Chip 
Expanded Multiplexed 
WAIT: 

All Peripheral Functions Shut Down 
Single-Chip Mode 
Expanded Multiplexed Mode 

STOP: 

No Clocks, Single-Chip Mode 


'DD 
W|DD 

S|DD 


- 


15 
27 

6 
10 

100 


mA 
mA 

mA 
mA 

pA 


Input Capacitance PA0-PA2, PE0-PE7, IRQ, XIRQ, EXTAL 
PA7, PC0-PC7, PD0-PD5, AS/STRA, MODA/LIR, RESET 


Cm 




8 
12 


pF 


Power Dissipation Single-Chip Mode 

Expanded-Multiplexed Mode 


PD 




85 
150 


mW 



NOTES: 

1. Voh specification for RESET and MODA is not applicable because they are open-drain pins. Voh specification not applicable to 
ports C and D in wire-OR mode. 

2. See A/D specification for leakage current for port E. 

3. All ports configured as inputs, 

V|L«0.2 V, 
vih^Vdd -0.2 V, 
No dc loads, 

EXTAL is driven with a square wave, and 
t cyc = 476.5 ns. 
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TEST 
POINT 



T 

T_ 



Equivalent Test Load 



Pint 


R1 


R2 


C1 


PA3-PA7 
PB0-PB7 
PC0-PC7 
PDO, PD5 
E, AS, R/W 


3 26K 


2.38K 


90pF 


PD1-PD4 


3 26K 


2.38K 


200pF 




CLOCKS, 
STROBES 



"dd — V 



INPUTS 



t Volts ., 0. 

v ss — 



.4 Volts ) • 



-NOM, 



V DD -0.8 Volts 



-NOM.-* 



j-70%o(V DD 



- r — /U7« 
_ 9fW_ 



'— 20%ofV 



DD 



-NOMINAL TIMING - 



OUTPUTS 



v ss- 



V DD -0.8 Volts 
Volts 



D.C. TESTING 



CLOCKS, 
STROBES 



3 - 20% of 



INPUTS 



-V, 



DD" 



OUTPUTS 



v ss- 



i-70%otV DD 
20%olV DD ; L 



-SPEC- 



\— SPEC-H (SEE NOTE 2) 
— V DD -0.8 Volts 



•20%olV 



dd: 



-SPEC TIMING - 



X70%ol 
20% ol 



V DD 
V D D. 



A.C. TESTING 



1 — 0.4 



Volts 



NOTES: 

1 Full test loads are applied during all ac electrical test and ac timing measurements. 

2. During ac timing measurements, inputs are driven to 0 4 volts and Vqd ~~ 0 8 vol,s while timing measurements are taken at the 
20% and 70% of Vdd points. 



Figure 8. Test Methods 
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CONTROL TIMING (V DD = 5.0 Vdc±10%, V ss = 0 Vdc, T A =T L to T H ) 



Characteristic 


Symbol 


1.0 MHz 


2.0 MHz 


2.1 MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


Frequency of Operation 


fo 


oc 


1 0 


dc 


2 0 


dc 


2.1 


MHz 


F Plnrlf Pprinrt 
t V/iuuN rciiuu 


tcyc 


1000 




500 




476 






Crystal Frequency 


fXTAL 




4.0 




8.0 




8.4 


MHz 


External Oscillator Frequency 


4f 0 


dc 


4.0 


dc 


8.0 


dc 


8.4 


MHz 


Processor Control Setup tpcs = 1/4 t cyc - 50 ns 
Time (See Figures 10, 12, and12) 


tpcs 


200 


— 


75 


— 


69 


— 


ns 


Reset Input Pulse Width (To Guarantee External 
(see Note 1) Reset Vector) 
and Figure 10) (Minimum Input Time; 

May be Preempted by 
Internal Reset) 


PWrstL 


8 
1 


- 
- 


8 
1 


- 
- 


8 
1 


- 
- 


tcyc 


Mode Programming Setup Time 
(See Figure 10) 


tMPS 


2 




2 




2 




tcyc 


Mode Programming Hold Time 
(See Figure 10) 


tMPH 


0 




0 




0 




ns 


Interrupt Pulse Width, p W|RQ = tcyc + 2 ° ns 
IRQ Edge Sensitive Mode 
(See Figure 11 and 13) 


PW|RQ 


1020 




520 




496 




ns 


Wait Recovery Startup Time 
(See Figure 12) 


tWRS 




4 




4 




4 


tcyc 


Timer Pulse Width PW-r|M=tcyc + 20 ns 
Input Capture, Pulse Accumulator Input 
(See Figure 9) 


PWjim 


1020 




520 




496 




ns 



NOTESj 

1. RESET will be recognized during the first clock cycle it is held low. Internal circuitry then drives the pin low for four clock cycles, 
releases the pin, and samples the pin level two cycles later to determine the source of the interrupt See RESETS, INTERRUPT, 
AND LOW-POWER MODES for details. 

2. All timing is shown with respect to 20% Vqd and 70% Vqq unless otherwise noted. 



PAO - PA2 ' 
PAO - PA2 ' 
,1,3 



PA7 ' 



PA7 



2,3 



NOTES: 

1. Rising edge sensitive input. 

2. Falling edge sensitive input. 

3. Maximum pulse accumulator clocking rate is E frequency divided by 2. 



Figure 9. Timer Inputs Timing Diagram 
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DD 



Aj~^uxr^rLan^u"Ln_ruir 

, L * PW RSTL A A 



- imps-* 



MODA, MODB 



'MPH 



ADDRESS 




NOTE Refer to Table 9-7 for pin states during RESET 

Figure 10. POR External Reset Timing Diagram 



INTERNAL 
CLOCKS 



I RQ, 
XI RQ 



AS 



JUL 



*PW|RQ- 



' STOPDELAY ' 



AnnRFq<; 4 ST0P Y ST0P 

AUUHtbi ADDRESS A ADDRESS*! 



Z ^BC)QQQQC 



• Resume program with instruction which follows the STOP instruction. 



. 5 STOP V STOP 

ADDRESS address A address^ 



ax^x^x sp-b x sp-8 aSX(^iX n p e c w 



NOTES: 

1. Edge sensitive IRQ pin (IRQE bit = 1 ) 

2. Level sensitive IRQ pin (IRQE bit = 0) 

3 - iSIOPDELAY = 4064 t cyc if DLY bit = 1 or 4 t cyc if DLY = 0. 

4. XIQ wit h X b it in CCR = 1. 

5. IRQ or (XIRQ with X bit in CCR = 0. 



IRQ VECTOR 
(XIRQ VECTOR) 



Figure 11. Stop Recovery Timing Diagram 
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IRQ, XIRQ. 
OR INTERNAL 
INTERRUPTS 



\ 



tPCS-j 



'WRS- 



ADDRESS { J^cm X*00R*iX SP X^^X SP ~ 2 ^ " SP * X^0( SP 8 SP " B X SP ' 8 

7 " 



PCI PCH YUYH.«.XH,A.B,CC 



V 



STACK REGISTERS 



NOTES. 

1. Refer t o Table 9-7 for pin states during WAIT 

2. RESET will also cause recovery from WAIT 



Figure 12. WAIT Recovery from Interrupt Timing Diagram 



• LAST CYCLE OF AN INSTRUCTION 



-*| k- 1 pcs 

IRQ 1 "\ / 

-PW|RQ- 



LJii^rLnLrLriR^^rLrm^ 



IRQ , XIRQ, 
OR INTERNAL 
INTERRUPTS 



ADDRESS 



DATA 



R/W 




NEW 
PC 



LJl_JULAJL_U_J_JLJL_OL 



NOTES: 

1. Edge sensitive IRQ pin (IRQE bit = 1) 
2 Level sensitive IRQ pin (IRQE bit = 0). 



Figure 13. Interrupt Timing Diagram 



MOTOROLA MICROPROCESSOR DATA 



1 *c>n 



MC68HC11A8 



PORTA 



PORTS 
A,C 1 ,D 



PORTE 



MCU WRITE TO PORT ■ 



\ f V / 



Ko prev I ouspq B tp,t, XXXX)()j ; 



NEW DATA VALID 





" — 'pwd — • 




PREVIOUS PORT DATA 


xxxxx* 


"NEW DATA VALID 



Figure 14. Port Write Timing Diagram 



MCU READ OF PORT- 



\ i \ / 



*- 'PDSU-* 



k 'pDSU-» 



' PDH * 



*" ' PDH 



NOTE1. For non-latched operation of Port C. 

Figure 15. Port Read Timing Diagram 



MCU WRITE TO PORT B 



\ / v / 



PORT B PREVIOUS PORT DATA 



NEW DATA VALID 



DEB" 



STRB (OUT) 



Figure 16. Simple Output Strobe Timing Diagram 



MOTOROLA MICROPROCESSOR DATA 
3-1548 



MC68HC11A8 



STRA (IN) 



PORT C (IN) 



Jf 



Figure 17. Simple Input Strobe Timing Diagram 



"READY" 



STRB (OUT) 



STRA (IN) 



♦-'acq-* 



PORT C (IN) • 



»- tie *. tiu -• 



J« READ PORTCL 1 .j 



3-j r'DEB- 

v. r 



-'deb- 



NOTES. 

1. After reading PIOC with STAF set. 

2. Figure shows rising edge STRA (EGA= 1) and high true STRB (INVB = 1). 

Figure 18. Port C Input Handshake Timing Diagram 



•WRITE PORTCL 



l PWD" 



PORTC 
(OUT) 



<*~ 1 DEB"*^ 



STRB (OUT) 



"READY' 



STRA (IN) 



'AES 



DEB" 



NOTES: 

1. After reading PIOC with STAF set 

2. Figure shows rising edge STRA (EGA= 1) and high true STRB (INVB = 1|. 



Figure 19. Port C Output Handshake Timing Diagram 



MOTOROLA MICROPROCESSOR DATA 
3-1549 



MC68HC11A8 



|< — WRITE PORTCL 1 »| 



PORT C (OUT) 
(DDR-1) 



mi 



STRB (OUT) 



STRA (IN) 



PORT C (OUT) 
(DDR.1) 



PCD 



\ data XXX 



I*-'deb-^ 



"READY* 



VALID DATA 



• a) STRA ACTIVE BEFORE PORTCL WRITE 



STRA (IN) 



PORT C (OUT) 
(DDR-1) 



PCD " 



— 1 PCZ~* 



VALID DATA 



DEB" 



*-'pcz-» 



• b) STRA ACTIVE AFTER PORTCL WRITE 



NOTES: 

1. After reading PIOC with STAF set. 

2 Figure shows rising edge STRA (EGA = 1 1 and high true STRB (INVB = 1 ) 



Figure 20. Three-State Variation of Output Handshake Timing Diagram 
(STRA Enables Output Buffer) 



MOTOROLA MICROPROCESSOR DATA 
3-1550 



MC68HC11A8 



PERIPHERAL PORT TIMING (V D d = 5.0 Vdc±10%, V S s = 0 Vdc, T A =T L to T H ) 



Characteristic 




1.0 MHz 


2.0 MHz 


2.1 MHz 




Symbol 


Min 


Max 


Min 


Max 


Min 


Max 


Unit 


Frequency of Operation (E Clock Frequency) 


fo 


1.0 


1.0 


2.0 


2.0 


2.1 


2.1 


MHz 


E Clock Period 


tcyc 


1000 




500 




476 




ns 


Peripheral Data Setup Time 
(MCU Read of Ports A, C, D, and E) 
(See Figure 14) 


tPDSU 


100 





100 





100 





ns 


Peripheral Data Hold Time 
(MCU Read of Ports A, C, D, and E) 
(See Figure 14) 


tPDH 


50 




50 




50 




ns 


Delay Time, Peripheral Data Write 
(See Figures 14, 15, 17, and 18) 
MCU Write to Port A 
MCU Writes to Ports B, C, and D 
tpwD= 1/4t cvc + 90 ns 


tPWD 


— 


150 
340 


— 


150 
215 


_ 


150 
209 


ns 


Input Data Setup Time (Port C) 
(See Figures 16 and 17) 


tis 


60 


— 


60 


— 


60 


— 


ns 


Input Data Hold Time (Port C) 
(See Figures 16 and 17) 


t|H 


100 


— 


100 


— 


100 


— 


ns 


Delay Time, E Fall to STRB 

l DEB = 1/4 l cyc+ 100 ns 

(See Figure 15, 17, 18, and 19) 


tDEB 




350 




225 




219 


ns 


Setup Time, STRA Asserted to E Fall (see Note 1) 
(See Figures 17, 18, 19) 


tAES 


0 




0 




0 




ns 


Delay Time, STRA Asserted to Port C Data Output Valid 
(See Figure 19) 


tPCD 




100 




100 




100 


ns 


Hold Time, STRA Negated to Port C Data 
(See Figure 19) 


tPCH 


10 




10 




10 




ns 


Three-State Hold Time 
(See Figure 19) 


tpcz 




150 




150 




150 


ns 



NOTES: 

1. If this setup time is met, STRB will acknowledge in the next cycle. If it is not met, the response may be delayed one more cycle. 

2. Port C and D timing is valid for active drive (CWOM and DWOM bits not set in PIOC and SPCR registers respectively). 

3. All timing is shown with respect to 20% Vdd and 70% Vqd unless otherwise noted. 



MOTOROLA MICROPROCESSOR DATA 



1 



MC68HC11A8 



A/D CONVERTER CHARACTERISTICS (V DD = 5.0 Vdc±10%, V S s = 0 Vdc, T A = T L to T H , 750 kHz sEs 2.1 

unless otherwise noted) 



MHz, 



Characteristic 


Parameter 


Min 


Absolute 


Max 


Unit 


RgsoI ution 


Mirmhpr rif Rite Rpc^Iv/pH hv/ tho A/H 


8 






Bits 


Non~Line3nty 


Maximum DGvi3tion from the Ideal A/D Transfer 
Characteristics 






+ 1/2 


LSB 


Zero Error 


Difference Between the Output of an Ideal and an Actual 
A/D for Zero Input Voltacje 


- 


— 


±1/2 


LSB 


run oifdic ciiur 


Difference BGtwGfin the Output of sn Ideal snd an Actual 
A/D for Full-Scale Input Voltage 






± 1/2 


LSB 


Total Unadjusted Error 


Maximum Sum of Non-Linearity, Zero Error, and 
Full-Scale Error 


— 


— 


±1/2 


LSB 


Quantization Error 


Uncertainty Due to Converter Resolution 






±1/2 


LSB 


Absolute Accuracy 


Difference Between the Actual Input Voltage and the 
Full-Scale Weighted Equivalent of the Binary Output 
Code, All Error Sources Included 


- 


- 


±1 


LSB 


Conversion Range 


Analog Input Voltage Range 


VRL 


- 


Vrh 


V 


Vdu 

V RH 


Maximum Analog Reference Voltage (see Note 2) 


Vdi 

V RL 




Vr>n + fl 1 
V DD ' u * ' 


y 


V RL 


Minimum Analog Reference Voltage (see Note 2) 


Woo — 01 

VSS LM 




V RH 






Minimum Difference between Vp^i and Vp|_ (see Note 2) 


3 






y 


Conversion Time 


Total Time to Perform a Single Analog-to-Digital 
Conversion. 

a F Plonk 

b Internal RC Oscillator 


- 


32 


tcyc + 32 


tcyc 
\i.S 


Mo not on icity 


Conversion Result Never Decreases with 9n Increase in 
Input Voltage and has no Missing Codes 




Guaranteed 






Zero-Input Reading 


Conversion Result when Vjp — Vri_ 


00 






Hex 


Full-Scale Reading 


Conversion Result when V m = VR|-| 






FF 


Hex 


Sample Acquisition 
Time 


Analog Input Acquisition Sampling Time: 

a. E Clock 

b. Internal RC Oscillator 




12 


12 


tcyc 
(XS 


Sample/Hold 
Capacitance 


Input Capacitance during Sample PE0-PE7 




20 (Typ) 




PF 


Input Leakage 


Input Leakage on A/D Pins PE0-PE7 

VRL Vrh 






400 
1.0 


nA 



NOTES: 

1. Source impedances greater than 10 Kfl will adversely affect accuracy, due mainly to input leakage. 

2. Performance verified down to 2.5 V AVr, but accuracy is tested and guaranteed at AVr = 5 V±10%. 



MOTOROLA MICROPROCESSOR DATA 
3-1552 



MC68HC11A8 



EXPANSION BUS TIMING (V DD = 5.0 Vdc± 10%, Vss = 0 Vdc, T A =T L to Th, see Figure 21) 











1.0 MHz 


2.0 MHz 


2.1 MHz 




Num. 


Characteristic 




Symbol 


Min 


Max 


Min 


Max 


Min 


Max 


Unit 




Frequency of Operation (E Clock Frequency) 


fo 


1.0 


1.0 


2.0 


2.0 


2.1 


2.1 


MHz 


1 


Cycle Time 


tcvc 


1000 


— 


500 


— 


476 


— 


ns 


2 


Pulse Width, E Low 
PWel=1/2 t cvc -23 ns 


PWel 


477 


— 


227 


— 


215 


— 


ns 


3 


Pulse Width, E High 
PWeh = 1/2 tcyc-28 ns 


pweh 


472 




222 




210 




ns 


4 


E and AS Rise and Fall Time 


t r . tf 




20 




20 




20 


ns 


9 


Address Hold Time 
tAH = V8 t cvc - 29.5 ns 


see Note 1(a) 


tAH 


95.5 


- 


33 


- 


30 


- 


ns 


12 


Non-Muxed Address Valid Time to E Rise 
tAV=PWEL-(tASD + 80 ns) see Note Kb) 


tAV 


281.5 


- 


94 


- 


85 


- 


ns 


17 


Read Data Setup Time 


tDSR 


30 




30 




30 




ns 


18 


Read Data Hold Time (Max = tMAD) 


tDHR 


10 


145.5 


10 


83 


10 


80 


ns 


19 


Write Data Delay Time 
t DDW=1/8 t cyc + 65.5 ns 


see Note 1(a) 


tDDW 




190.5 




128 




125 




21 


Write Data Hold Time 
*DHW = 1/8 t cyc -29.5 ns 


see Note 1(a) 


l DHW 


95.5 


- 


33 


- 


30 


- 




22 


Muxed Address Valid Time to E Rise 
tAVM = PWEL-(tASD + 9° ns ' see Note K b ' 


l AVM 


271.5 


- 


84 


- 


75 


- 




24 


Muxed Address Valid Time to AS Fall 
t A SL = PWASH-70 ns 


l ASL 


151 


- 


26 


- 


20 


- 




25 


Muxed Address Hold Time 
t A HL=1/8t C y C -29.5 ns 


see Note 1(b) 


tAHL 


95.5 


- 


33 


- 


30 


- 




26 


Delay Time, E to AS Rise 
tASD=1/8 t cvc -9.5 ns 


see Note 1(a) 


tASD 


115.5 




53 


- 


50 


- 




27 


Pulse Width, AS High 
PWASH = 1/4t C y C -29 ns 


PWASH 


221 




96 




90 




ns 


28 


Delay Time, AS to E Rise 
tASED=1/8t cvc -9-5 ns 


see Note 1(b) 


tASED 


115.5 




53 




50 




ns 


29 


MPU Address Access Time see note 1(b) 
tACCA = tAVM + *r + PWeh - l DSR 


tACCA 


733.5 




296 




275 




ns 


35 


MPU Access Time 
tACCE = PWEH-tDSR 


tACCE 




442 




192 




180 


ns 


36 


Muxed Address Delay 
(Previous Cycle MPU Read) 
tMAD = tASD + 3° ns 


see Note 1(a) 


tMAD 


145.5 




83 




80 




ns 



NOTES: 

1. Input clocks with duty cycles other than 50% will affect bus performance. Timing parameters affected by input clock duty cycle 
are identified by (a) and (b). To recalculate the approximate bus timing values, substitute the following expressions in place of 
1/8 t cyc in the above formulas where applicable: 

(a) (1-DC)x 1/4 t cyc 

(b) DCx1/4t cyc 
Where: 

DC is the decimal value of duty cycle percentage (high time) 

2. All timing is shown with respect to 20% Vqd and 70% Vqd unless otherwise noted. 



MOTOROLA MICROPROCESSOR DATA 
3-1553 



MC68HC11A8 



SERIAL PERIPHERAL INTERFACE (SPI) TIMING (V DD = 5.0 Vdc±10%, Vss = 0 Vdc, Ta = Tl to T H , see Figure 22) 



Num. 


Characteristic 


Symbol 


Min 


Max 


Unit 




Operating Frequency 
Master 
Slave 


fop(m) 
f op(s) 


dc 
dc 


0.5 
2.1 


f op 
MHz 


1 


Cycle Time 
Master 
Slave 


l cyc(m) 
tcyc(s) 


2.0 
480 


- 


*cyc 
ns 


2 


Enable Lead Time 
Master 
Slave 


l lead(m) 
tlead(s) 


# 

240 


- 


ns 
ns 


3 


Enable Lag Time 
Master 
Slave 


'lag(m) 
Ws) 


240 


- 


ns 
ns 


4 


Clock (SCK) High Time 
Master 
Slave 


tw(SCKH)m 
MSCKH)s 


340 
190 


- 


ns 
ns 


5 


Clock (SCK) Low Time 
Master 
Slave 


MSCKDm 
tw(SCKL)s 


340 
190 


- 


ns 
ns 


6 


Data Setup Time (Inputs) 
Master 
Slave 


l su(m) 
*su(s) 


100 
100 


- 


ns 
ns 


7 


Data Hold Time (Inputs) 
Master 
Slave 


th(m) 
th(s) 


100 
100 


— 


ns 
ns 


8 


Access Time (Time to Data Active from High-Impedance State) 
Slave 


ta 


0 


120 


ns 


9 


Disable Time (Hold Time to High-Impedance State) 
Slave 


tdis 


- 


240 


ns 


10 


Data Valid (After Enable Edge)** 


tv(s) 




240 


ns 


11 


Data Hold Time (Outputs) (After Enable Edge) 


tho 


0 




ns 


12 


Rise Time (20% Vdd t0 7n % V DD< C[_ = 200 pF) 
SPI Outputs (SCK, MOSI, and MISO) 
SPI Inputs (SCK, MOSI, MISO, and SS) 


l rm 
trs 




100 
2.0 


ns 

(IS 


13 


Fall Time (70% Vdd to 20% Vqd. Cl = 200 pF) 
SPI Outputs (SCK, MOSI, and MISO) 
SPI Inputs (SCK, MOSI, MISO, and SS) 


tfm 
tfs 




100 
2.0 


ns 

[IS 



♦Signal production depends on software. 
"Assumes 200 pF load on all SPI pins. 
NOTE: 

1. All timing is shown with respect to 20% Vqd and 70% Vqd unless otherwise noted. 



MOTOROLA MICROPROCESSOR DATA 
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MC68HC11A8 



EEPROM CHARACTERISTICS (V DD = 5.0 Vdc±10%. Vss = 0 Vdc, T A = T L to T H ) 



Characteristic 


Temperature Range 


Unit 


-40 to 85°C 


-40 to 105°C 


-40 to 125X 


Programming Time Under 1.0 MHz with RC Oscillator Enabled 
(see Note 1) 1.0 to 2.0 MHz with RC Oscillator Disabled 
2.0 MHz (or Anytime RC Oscillator Enabled) 


10 
20 
10 


15 

Must Use RC 
15 


20 

Must Use RC 
20 


ms 


Erase Time (see Note 1) Byte, Row, and Bulk 


10 


10 


10 


ms 


Write/Erase Endurance (see Note 2) 


10,000 


10,000 


10,000 


Cycles 


Data Retention (see Note 2) 


10 


10 


10 


Years 



NOTES: 

1. The RC oscillator must be enabled (by setting the CSEL bit in the OPTION register) for EEPROM programming and erasure when 
the E-clock frequency is below 1.0 MHz. 

2. See current quarterly Reliability Monitor report for current failure rate information. 



\ 



R/W; ADDRESS 
(NON-MUX) 



ADDRESS/DATA 
(MULTIPLEXED) 



AS 



READ 



WRITE 



-CD- 



EE; 



b$zz:s czj : 



— ©- 



-©- 



X 



-®-H 



NOTE: Measurement points shown are 20% and 70% Vqd 

Figure 21. Expansion Bus Timing Diagram 



MOTOROLA MICROPROCESSOR DATA 

3.1 KCG 



MC68HC11A8 



(INPUT) 



55 Is Held High on Master 



SCK 
(OUTi 



H3> Hh® 

a y 01 &i ^ t~T^T~1- ,fl 



SCK (CPOL-1) SEE 
(OUTPUT) NOTEy 



MISO 
(INPUT) 



MOSI 
(OUTPUT) 



{ MSB IN > 



• < bit6 c > 



MASTER MSB OUT 



^ LSB IN ^ - 



*<§) 



BIT 6 1 

\— 



MASTER LSB OUT 



7 



NOTE: This first dock edge is generated internally but is not seen at the SCK pin. 

a) SPI MASTER TIMING (CPHA=0) 



§5 

(INPUT) 



SCK (CPOL-0) 
— TPLT - 



55 is Held High on Master 

-CD 



(OUTPUT) 



• — CD -*l (OH k- ©H (- 



sck (Cpol-u 

(OUTPUT) 



MISO 
(INPUT) 



MOSI 
(OUTPUT) 



MSB IN ~y 



(0> 



(OH r* ®* 



MASTER MSB OUT 



X 



-j" LSB IN V 



<rnriin 



BIT6----1 
V— 



X 



MASTER LSB OUT 



(Oh 



NOTE: This last dock edge is generated internally but is not seen at the SCK pin. 

b) SPI MASTER TIMING (CPHA = 1) 



Figure 22. SPI Timing Diagrams (Sheet 1 of 2) 



MOTOROLA MICROPROCESSOR DATA 
3-1556 



MC68HC11A8 



(INPUT) 



SCK (CPOl-0) 
(INPUT) 



SCK (CPOL-1) 
(INPUT) 



-CD- 



MISO 

(OUTPUT)" 



SLAVE 



MOSI 
(INPUT) 



MSB OUT 



r® A r® 



>: 



BIT6----1 

-V 



X 



SLAVE LSB OUT 



K5> 



, \ NOTE } I 



^ MSB IN 5 > ^ BIT6 - ^ LSB IN ^ - 



NOTE: Not defined but normally MSB of character just received. 

c) SPI SLAVE TIMING (CPHA = 0) 



§S 

(INPUT) 



SCK (CPOL-0) 
(INPUT) 



SCK (CPOL-1) 
(INPUT) 



r 



-CD- 



MISO 
(OUTPUT) 



h® 



MOSI 
(INPUT) 



MSB OUT 



BITS 1 



<3H 



KD H 



h® 



-@ -H k® 0* 



SLAVE LSB OUT 



^ MSB IN ^ BIT6 - ^ LSB IN ~y 



NOTE' Not defined but normally LSB ol character previously transmitted 

d) SPI SLAVE TIMING (CPHA = 1) 



Figure 22. SPI Timing Diagrams (Sheet 2 of 2) 
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5-1 RR7 
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ORDERING INFORMATION 




The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo- 
torola in the following media: 

MS-DOS/PC-DOS disk file (360K) 
EPROM(s): two 2532/2732 or one 2764 
To initiate a ROM pattern for the MCU, it is necessary to 
first contact the local field-service office, a sales person, 
or a Motorola representative. 

FLEXIBLE DISKS 

Several types of flexible disks (MS-DOS®/PC-DOS disk 
file), programmed with the customer's program (positive 
logic sense for address and data), may be submitted for 
pattern generation. In either case, the diskette should be 
clearly labeled with the customer's name, date, project 
or product name, and the name of the file containing the 
pattern. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 

MS-DOS is Microsoft's Disk Operating System. PC-DOS 
is IBM 11 Personal Computer Disk Operating System. Disk 
media submitted must be a standard density (360K), dou- 
ble-sided 5 1/4-inch compatible floppy diskette. The dis- 
kette must contain object file code in Motorola's S-record 
format. The S-record format is a character-based object 
file format generated by M68HC1 1 cross assemblers and 
linkers on IBM PC-style machines. 

EPROMs 

Two 2532/2732 or one 2764 type EPROM(s), programmed 
with the customer's progrm (positive logic sense for ad- 
dress and data), may be submitted for pattern generation. 
EPROMs must be clearly marked to indicate which EPROM 
corresponds to which address space. Figure 23 illustrates 
the markings for the two 2532/2732 EPROMs required to 
contain the customer program. 

All unused bytes, including the user's space, must be set 
to zero. For shipment to Motorola, EPROMs should be 
placed in a conductive IC carrier and packed securely. 
Styrofoam is not acceptable for shipment. 





E000 F000 
xxx = Customer ID 

Figure 23. EPROM Marking 



VERIFICATION MEDIA 

All original pattern media (EPROMs or floppy disks) are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked, and the verification form 
should be completed, signed, and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for creation of the customer mask. To aid in 
the verification process. Motorola will program customer 
supplied blank EPROM(s) or DOS disks from the data file 
used to create the custom mask. 

ROM VERIFICATION UNITS (RVUs) 

Ten MCUs containing the customer's ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask, but are for the pur- 
pose of ROM verification only. For expediency, the MCUs 
are unmarked, packaged in ceramic, and tested with five 
volts at room temperature. These RVUs are free with the 
minimum-order quantity, but are not production parts. 
These RVUs are not guaranteed by Motorola Quality As- 
surance. 

ORDERING INFORMATION 

The following table provides ordering information 
pertaining to the package type, temperature, and MC part 
numbers for the MC68HC11A8 HCMOS single-chip 
microcontroller devices. 



Package Type 


Temperature 


CONF 


Description 


MC Part Number 


Plastic 
(P Suffix) 


-40° to +85°C 


$0F 


BUFFALO ROM 


MC68HC11A8P1 


PLCC 
(FN Suffix) 


-40° to + 85°C 


$0F 


BUFFALO ROM 


MC68HC11A8FN1 



MS-""DOS is a trademark of Microsoft, Inc. 

IBM is a registered trademark of International Business Machines Corporation. 



MOTOROLA MICROPROCESSOR DATA 
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PIN ASSIGNMENTS 



48-Pin Dual-in-Line Package 



52-Lead Quad Package 



PA7 [ 


1 W 


48 


1 Voo 


PAG [ 


2 


47 


] P05 


PA5 [ 


3 


46 


] P04 


PA4 [ 


4 


45 


] PD3 


PA3 [ 


5 


44 


] P02 


PA2 [ 


6 


43 


] PD1 


PA1 [ 


7 


42 


] POO 


PAO [ 


8 


41 


3 IRQ 


PB7 [ 


9 


40 


] XIRQ 


PB6 [ 


10 


39 


3 reSet 


PB5 [ 


11 


38 


] PC7 


PB4 [ 


12 


37 


] PC6 


PB3 [ 


13 


36 


] PC5 


PB2 [ 


14 


35 


I PC4 


PB1 [ 


15 


34 


] PC3 


PBO [ 


16 


33 


] PC2 


PEO [ 


17 


32 


] PCI 


PE1 [ 


18 


31 


Ipco 


PE2 [ 


19 


30 


3 XTAL 


PE3 C 


20 


29 


2 EXTAL 


Vrl £ 


21 


28 


I RIW 


Vrh I 


22 


27 


3e 


vss I 


23 


26 


Pas 


MODB/V st by [ 


24 


25 


3 moda/Or 



5 '* 
,n n n n n 



I 2 



— i r-. CD IO t"M 



0-0-0-0-0 



XTAL C 8 

PCO I 9 

PCI t 10 

PC2 [ 11 

PC3 C 12 

PC4 C 13 

PC5 C 14 

PC6 C 15 

PC7 [ 16 

REST? C 17 

XiRQ C 18 

IRQ C 19 

PD0 ( 20 



7 6 5 4 3 2 O 52 51 50 49 48 47 



1 



21 22 23 24 25 

u u u u u 



26 27 

u u 



28 29 



30 31 32 33 

u u u u 



46 


3 


PE5 


45 


3 


PE1 


44 


3 


PE4 


43 


3 
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Product Preview 
8-Bit Microcontroller 

The MC68HC11D3 Microcontroller (MCU) device is similar to the MC68HC11A8. Some exceptions 
are the 4096 bytes of ROM, 192 bytes of RAM, and no A/D converter (refer to block diagram). 

The following are some of the hardware and software features of the MC68HC11D3. 

• HCMOS Technology 

• 4096 Bytes of User ROM 

• 192 Bytes of RAM 

• Enhanced 16-Bit Timer System: 

Four Stage Programmable Prescaler 

Three or Four Input Captures, Four or Five Output Compares (44 Pin Package) 
Three or Four Input Captures, One or Two Output Compares (40 Pin Package) 

• 8-Bit Pulse Accumulator Circuit 

• Enhanced NRZ Serial Communications Interface (SCI) 

• Serial Peripheral Interface (SPI) 

• Real Time Interrupt Circuit 

• Computer Operating Properly (COP) Watchdog Timer 

• Enhanced M6800/M6801 Instruction Set 

• 16x16 Integer and Fractional Divide Instruction 

• Bit Manipulation 

• WAIT and STOP Modes 

• Expansion Mode Addressable to 64K 

• 40-Pin DIP, 44-Pin PLCC Package 



This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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Product Preview 

8-Bit Microcontroller Unit 




The MC68HC11E1 high-density CMOS (HCMOS) Microcontroller Unit (MCU) contains highly sophisticated, 
on-chip peripheral capabilities. This high-speed, low-power MCU has a nominal bus speed of 2 MHz and is 
identical to the MC68HC11E9, except that the chip has no ROM. 

Some features of the MC68HC11E1 are as follows: 

• Enhanced 16-Bit Timer System with Four-Stage, Programmable Prescaler 

• Power-Saving STOP and WAIT Modes 

• Serial Peripheral Interface (SPI) 

• Enhanced NRZ Serial Communications Interface (SCI) 

• 8-Bit Pulse Accumulator Circuit 

• Bit Test and Branch Instructions 

• Real-Time Interrupt Circuit 

• 512 Bytes of EEPROM 

• 512 Bytes of Static RAM 

• Eight-Channel, 8-Bit Analog/Digital Converter 

• Available in 52-Pin Plastic Quad (PLCC) 
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Technical Summary 
8-Bit Microcontroller 



The MC68HC11E9 high density CMOS (HCMOS) microcontroller unit (MCU) contains highly so- 
phisticated on-chip peripheral capabilities. This high-speed and low-power MCU has a nominal bus 
speed of two megahertz, and the fully static design allows operations at frequencies down to dc. 
This publication contains condensed information on the MCU; for detailed information, refer to Ad- 
vance Information Manual HCMOS Single-Chip Microcontroller (MC68HC11A8/D), M68HC11 HCMOS 
Single-Chip Microcontroller Programmer's Reference Manual (M68HC11RM/AD) or contact your lo- 
cal Motorola sales office. 

Refer to the block diagram for the hardware features and to the list below for additional features 
available on the MCU. 

• Enhanced 16-Bit Timer System with Four-Stage Programmable Prescaler 

• Power Saving STOP and WAIT Modes 

• Serial Peripheral Interface (SPI) 

• Enhanced NRZ Serial Communications Interface (SCI) 

• 8-Bit Pulse Accumulator Circuit 

• Bit Test and Branch Instructions 

• Real-Time Interrupt Circuit 

• 12K Bytes of ROM 

• 512 Bytes of EEPROM 

• 512 Bytes of Static RAM 

o Eight-Channel 8-Bit A/D Converter 
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This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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OPERATING MODES 

The MCU uses two dedicated pins (MODA and MODB) 
to select one of two basic operating modes or one of two 
special operating modes. The basic operating modes are 
single-chip and expanded-multiplexed; the special op- 
erating modes are bootstrap and special test. The follow- 
ing paragrphs describe the different modes. 

SINGLE-CHIP MODE (MODEO) 

In this mode, the MCU functions as a self-contained 
microcontroller and has no external address or data bus. 
This mode provides maximum use of the pins for on- 
chip peripheral functions, and all address and data activ- 
ity occur within the MCU. 

EXPANDED MULTIPLEXED MODE (MODE1) 

In this mode, the MCU can address up to 64K bytes of 
address space. Higher-order address bits are output on 
the port B pins, and lower-order address bits and the data 
bus are mutliplexed on the port C pins. The AS pin pro- 
vides the control output used in_demultiplexing the low- 
order address at port C. The R/W pin is used to control 
the direction of data transfer on port C bus. 

BOOTSTRAP MODE 

In this mode, all vectors are fetched from the 192-byte 
on-chip bootloader ROM. This mode is very versatile and 
can be used for such functions as test and diagnostics 
on completed modules and for programming the 
EEPROM. The serial receive logic is initialized by software 
in the bootloader ROM, which provides program control 
for the serial communications interface (SCI) baud and 
word format. In this mode, a special control bit is con- 
figured that allows for self-testing of the MCU. This mode 
can be changed to other modes under program control. 



OPERATING MODES 

The MCU uses two dedicated pins (MODA and MODB) 
to select one of two basic operating modes or one of two 
special operating modes. The basic operating modes are 
single-chip and expanded-multiplexed; the special op- 
erating modes are bootstrap and special test. The follow- 
ing paragrphs describe the different modes. 

SINGLE-CHIP MODE (MODEO) 

In this mode, the MCU functions as a self-contained 
microcontroller and has no external address or data bus. 
This mode provides maximum use of the pins for on- 
chip peripheral functions, and all address and data activ- 
ity occur within the MCU. 

EXPANDED MULTIPLEXED MODE (MODE1) 

In this mode, the MCU can address up to 64K bytes of 
address space. Higher-order address bits are output on 
the port B pins, and lower-order address bits and the data 
bus are mutliplexed on the port C pins. The AS pin pro- 
vides the control output used in_demultiplexing the low- 
order address at port C. The R/W pin is used to control 
the direction of data transfer on port C bus. 



BOOTSTRAP MODE 

In this mode, all vectors are fetched from the 192-byte 
on-chip bootloader ROM. This mode is very versatile and 
can be used for such functions as test and diagnostics 
on completed modules and for programming the 
EEPROM. The serial receive logic is initialized by software 
in the bootloader ROM, which provides program control 
for the serial communications interface (SCI) baud and 
word format. In this mode, a special control bit is con- 
figured that allows for self-testing of the MCU. This mode 
can be changed to other modes under program control. 

TEST MODE 

This mode is primarily intended for main production 
at time of manufacture; however, it may be used to pro- 
gram calibration or personality data into the internal EE- 
PROM. In this mode, a special control bit is configured 
to permit access to a number of special test control bits 
This mode can be changed to other modes under pro- 
gram control. 



SIGNAL DESCRIPTION 

V DD AND Vss 

Power is supplied to the microcontroller using these 
two pins. Vdd is +5 volts (±0.5V) power, and Vss IS 
ground. 



RESET 

This active low bidirectional control pin is used as an 
input to initialize the MCU to a known startup state and 
as an open-drain output to indicate that an internal failure 
has been detected in either the clock monitor or the com- 
puter operating properly (COP) circuit. 

XTAL, EXTAL 

These pins provide the interface for either a crystal or 
a CMOS-compatible clock to control the internal clock 
generator circuitry. The frequency applied shall be four 
times higher than the desired clock rate. Refer to Figure 
1 for crystal and clock connections. 

E 

This pin provides an output forthe internally generated 
E clock, which can be used for timing reference. The fre- 
quency of the E output is one-fourth that of the input 
frequency at the XTAL and EXTAL pins. 

IRQ 

This pin provides the capability for asynchronously ap- 
plying interrupts to the MCU. Either negative edge-sen- 
sitive or level-sensitive triggering is program selectable. 
This pin is configured to level-sensitive during res et. A n 
external resistor connected to Vdd is required on IRQ. 

XIRQ 

This pin provides the capability for asynchronously ap- 
plying non-maskable interrupts to the MCU after a power- 
on reset (POR). During reset, the X bit in the condition 
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Figure 1. Oscillator Collections 



code register is set, and any interrupt is masked until 
enabled by software. This input is level-sensitive and re- 
quires an extenal pullup resistor to VqD- 

MODA/LIR AND MODB/Vstby 

During reset, these pins are used to control the two 
basic operating modes and the two special operating 
modes. The LIR output can be used as an aid in debug- 
ging once reset is completed. The open-drain LIR pin goes 
to an active low during the first E-clock cycle of each 
instruction and remains low for the duration of that cycle. 
The mode selections are shown below. 
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VRL and Vrh 

These pins provide the reference voltage for the A/D 
converter. 

R/W/STRB 

This pin provides two different functions, depending 
on the operating mode. In single-chip mode, the pin pro- 
vides STRB (output strobe) function; in the expanded- 
multiplexed mode, it provides R/W (read-write) function. 
The R/W is used to control the direction of transfers on 
the external data bus. 



AS/STRA 

This pin provides two different functions depending on 
the operating mode. In single-chip mode, the pin pro- 
vides STRA (input strobe) function, and in the expanded- 
multiplexed mode, it provides AS (address strobe) func- 
tion. The AS may be used to demultiplex the address and 
data signals at port C. 

INPUT/OUTPUT LINES (PA0-PA7, PB0-PB7, PC0-PC7. 
PD0-PD5, PE0-PE7) 

These I/O lines are arranged into four 8-bit ports (A, B, 
C, and E) and one 6-bit port (D). All ports serve more than 
one purpose depending on the operating mode. Table 1 
lists a summary of the pin functions to operating modes. 
Refer to INPUT/OUTPUT PORTS for additional informa- 
tion. 



INPUT/OUTPUT PORTS 

Port functions are controlled by the particular mode 
selected. In the single-chip mode and bootstrap mode, 
four ports are configured as parallel I/O data ports and 
port E can be used for general-purpose static inputs and/ 
or analog-to-digital converter channel inputs. In the ex- 
pandedjjinultiplexed mode and test mode, ports B, C, AS, 
and R/W are configured as a memory expansion bus. 
Table 1 lists the different port signals available. The fol- 
lowing paragraphs describe each port. 
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Table 1. Port Signal Functions 
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INPUT/OUTPUT PORTS 

Port functions are controlled by the particular mode 
selected. In the single-chip mode and bootstrap mode, 
four ports are configured as parallel I/O data ports and 
port E can be used for general-purpose static inputs and/ 
or analog-to-digital converter channel inputs. In the ex- 
pandedjnultiplexed mode and test mode, ports B, C, AS, 
and R/W are configured as a memory expansion bus. 
Table 1 lists the different port signals available. The fol- 
lowing paragraphs describe each port. 

PORTA 

In all operating modes, port A may be configured for 
four input capture functions and three output compare 



functions; four output compare functions and three input 
capture functions; and a pulse a accumulator input (PAI) 
or a fifth output compare function. Each input capture 
pin provides for a transitional input, which is used to latch 
a timer value into the 16-bit input capture register. Ex- 
ternal devices provide the transitional inputs, and internal 
decoders determine which input transition edge is sensed. 
The output compare pins provide an output whenever a 
match is made between the value in the free-running 
counter (in the timer system) and a value loaded into the 
particular 16-bit output compare register. When port A 
bit 7 is configured as a PAI, the external input pulses are 
applied to the pulse accumulator system. The remaining 
port A lines may be used as general-purpose input or 
output lines. 

PORT B 

In the single-chip mode, all port B pins are general- 
purpose output pins. Port B may also be used in a simple 
strobed output mode where the STRB pulses each time 
port B is written. In the expanded-multiplexed mode, all 
of the port B pins act as high-order (bits 8-15) address 
output pins. 

PORTC 

In the single-chip mode, port C pins are general-pur- 
pose input/output pins. Port C inputs can be latched by 
the STRA or may be used in full handshake modes of 
parallel I/O where the STRA input and STRB output acts 
as handshake control lines. In the expanded-multiplexed 
mode, port C pins are configured as multiplexed address/ 
data pins. During the address cycle, bits 0 through 7 of 
the address are output on PC0-PC7; during the data cycle, 
bits 0 through 7 (PC0-PC7) are bidirectional data pins 
controlled by the R/W signal. 

PORT D 

In all modes, port D bits 0-5 may be used for general- 
purpose I/O or with the serial communications interface 
(SCI) and serial peripheral interface (SPI) subsystems. Bit 
0 is the receive data input, and bit 1 is the transmit data 
output for the SCI. Bits 2 through 5 are used by the SPI 
subsystem. 

PORTE 

Port E is used for general-purpose static inputs and/or 
analog-to-digital channel inputs in all operating modes. 
Port E should not be read as static inputs while an A/D 
conversion is actually taking place. 



MEMORY 

The memory maps for each mode of operation, a sin- 
gle-chip, expanded-multiplexed, special boot, and special 
test is shown in Figure 2. In the single-chip mode, the 
MCU does not generate external addresses. The internal 
memory locations are shown in the shaded areas, and 
the contents of the shaded areas are shown on the right 
side of the diagram. In the expanded-multiplexed mode, 
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the memory locations are basically the same as the sin- 
gle-chip, except the memory locations between the shaded 
areas (EXT) are for externally addressed memory and I/ 
0. The special bootstrap mode is similar to the single- 
chip mode, except the bootstrap program ROM is located 
at memory locations $BF40 through $BFFF. The special 
test mode is similar to the expanded-multiplexed mode, 
except the interrupt vectors are at external memory lo- 
cations. 



REGISTERS 

The MCU contains the registers described in the fol- 
lowing paragraphs. 

ACCUMULATOR A AND B 

These accumulators are general-purpose 8-bit registers 
used to hold operands and results of arithmetic calcu- 
lations or data manipulations. These two accumulators 
are treated as a single, double-byte accumulator called 
the D accumulator for some instructions. 
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INDEX REGISTER X (IX) 

This index register is a 16-bit register used for the in- 
dexed addressing mode. It provides a 16-bit value that 
may be added to an 8-bit offset provided in an instruction 
to create an effective address. The index register may 
also be used either as a counter or a temporary storage 
area. 



15 



IX 



INDEX REGISTER Y (IY) 

This index register is an 16-bit register used for the 
indexed addressing mode similar to the IX register; how- 
ever, most instructions using the IY register are two-byte 
opcodes and require an extra byte of machine code and 
an extra cycle of execution time. The index register may 
also be used as a counter or a temporary storage area. 
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PROGRAM COUNTER (PC) 

The program counter is a 16-bit register that contains 
the address of the next byte to be fetched. 



15 
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STACK POINTER (SP) 

The stack pointer is a 16-bit register that contains the 
address of the next free location on the stack. The stack 
is configured as a sequence of last-in-first-out read/write 
registers, which allow important data to be stored during 



interrupts and subroutine calls. Each time a new byte is 
added to the stack, the SP is decremented; each time a 
byte is removed, the SP is incremented. The address con- 
tained in the SP also indicates the location at which the 
accumulators A and B and registers IX and IY can be 
stored during certain instructions. 
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CONDITION CODE REGISTER (CCR) 

The condition code register is an 8-bit register in which 
each bit is used to indicate the results of the instruction 
just executed. These bits can be individually tested by a 
program, and specific actions can be taken as a result of 
their state. Each bit is explained in the following para- 
graphs. 



s 


X 


H 


1 


N 


Z 


V 


c 



Carry/Borrow (C) 

When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during 
shift and rotate instructions. 

Overflow (V) 

The overflow bit is set if an arithmetic overflow oc- 
curred as a result of the operation; otherwise, the V bit 
is cleared. 

Zero (Z) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 

Negative (N) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative 
(the MSB of the result is a logic one). 

Interrupt (I) 

This bit is set either by hardware or program instruction 
to disable (mask) all maskable interrupt sources (both 
external and internal). 

Half Carry (H) 

This bit is set during ADD, ABA, and ADC operations 
to indicate that a carry occurred between bits 3 and 4. 
This bit is mainly useful in BCD calculations. 

X Interrupt Mask (X) 

This mask bit is set only by hardware (reset or XIRQ) 
and is cleared only by program instruction (TAP or RTI). 

Stop Disable (S) 

This bit, under program control, is set to disable the 
STOP instruction, and is cleared to enable the STOP in- 
struction. The STOP instruction is treated as no operation 
(NOP) if the S bit is set. 
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Figure 2. Memory Map (Sheet 1 of 3) 
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TFLG1 Timer Interrupt Flag Reg. 1 
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Figure 2. Memory Map (Sheet 2 of 3) 
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Figure 2. Memory Map (Sheet 3 of 3) 
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SCI Control Register 1 

SCI Control Register 2 

SCI Status Register 

SCI Data (Read RDR, 
Write TDR) 

A/D Control Register 

A/D Result Register 1 

A/D Result Register 2 

A/D Result Register 3 

A/D Result Register 4 

EEPROM Block Protect Reg 



SCCR1 
SCCR2 
SCSR 

SCDR 

ADCTL 
ADR1 
ADR2 
ADR3 
ADR4 
BPROT 

Reserved 

OPTION System Configuration Options 
COPRST Arm/Reset COP Timer Cir 
PPROG EEPROM Prog Control Reg 

HPRIO 



Highest Priority I- Bit Int 
and Misc 



INIT RAM and I/O Mapping Reg 
TEST1 Factory TEST Control Register 
COP, ROM, and EEPROM 



CONFIG 



Enables 



RESETS 

The MCU c an be reset four ways: 1 ) an active low input 
to the RESET pin; 2) a power-on reset function; 3) a com- 
puter operating properly (COP) wat chdog- timer timeout; 
and 4) a clock monitor failure. The RESET in put con sists 
mainly of a Schmitt trigger that senses the RESET line 
logic level. 

RESET PIN 



To request an external reset, the RESET pin must be 
held low for eight E C y C (two E C y C if no distinction is needed 
between internal and external resets). To prevent the 
EEPROM contents from being corrupted during power 



transitions, the reset line should be held low while Vqd 
is below its minimum operating level. A low voltage in- 
hibit (LVI) circuit is required to protect EEPROM from 
corruption as shown in Figure 3. 

POWER-ON RESET (POR) 

Power-on reset occurs when a positive transition is 
detected on Vdq. The power-on reset is used strictly for 
power turn-on conditions and should not be used to de- 
tect an y drop in the power supply voltage. If the external 
RESET pin is low at the end of the power-on dela y time, 
the processor remains in the reset condition until RESET 
goes high. 
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Simple LVI Reset Circuit 



Figure 3. Typical LVI Reset Circuits 



COMPUTER OPERATING PROPERLY (COP) RESET 

The MCU contains a watchdog timer that automatically 
times out if not reset within a specific time by a program 
reset sequence. If the COP watchdog timer is allowed to 
timeout, a reset is generated, which drives the RESET pin 
low to reset the MCU and the external system. 

The COP reset function can be enabled or disabled by 
setting the control bit in an EEPROM cell of the system 
configuration register. Once programmed, this control bit 
remains set (or cleared) even when no power is applied, 
and the COP function is enabled or disabled independent 
of resident software. Protected control bits (CR1 and CRO), 
in the configuration options register, allow the user to 
select one of four COP timeout rates. Table 2 shows the 



relationship between CR1 and CRO and the COP timeout 
period for various system clock frequencies. 

CLOCK MONITOR RESET 

The MCU contains a clock monitor circuit which meas- 
ures the E clock input frequency. If the E clock input rate 
is above 200 kHz, then the clock monitor does not gen- 
erate a MCU reset. If the E clock signal is lost or its fre- 
quency f alls belo w 1 0 kHz, then a MCU reset is generated, 
and the RESET pin is driven low to reset the external 
system. 

The clock monitor reset can be enabled or disabled by 
a read-write control bit (CME) in the system configuration 
options register. 
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Table 2. COP Timeout Periods 



CR1 


CRO 


E/2 15 
Divided 
By 


XTAL=2 23 
Timeout 
-1/+15.6 ms 


XTAL=8.0 MHz 
Timeout 
-0/+16.4 ms 


XTAL=4.9152 MHz 
Timeout 
-0/ + 26.7 ms 


XTAL=4.0 MHz 
Timeout 
-0/ + 32.8 ms 


XTAL= 3.6864 MHz 
Timeout 
-0/+35.6 ms 


0 


0 


1 


15.625 ms 


16.384 ms 


26 667 ms 


32.768 ms 


35.556 ms 


0 


1 


4 


62.5 ms 


65.536 ms 


106.67 ms 


131.07 ms 


142.22 ms 


1 


0 


16 


250 ms 


262.14 ms 


426.67 ms 


524.29 ms 


568.89 ms 


1 


1 


64 


1 s 


1.049 s 


1.707 s 


2.1 s 


2.276 s 






E = 


2.1 MHz 


2.0 MHz 


1.2288 MHz 


1.0 MHz 


921 6 kHz 



INTERRUPTS 

There are seventeen hardware and one software in- 
terrupts (excluding reset type interrupts) that can be gen- 
erated from all the possible sources. These interrupts can 
be divided into two categories, maskable and non-mask- 
able. Fifteen of the interrupts can be masked with the 
condition code register I bit. All the on-chip interrupts are 
individually maskable by local control bits. The software 



interrupt is non-maskable. The external input to the XIRQ 
pin is considered a non-maskable interrupt because, once 
enabled, it cannot be masked by software; however, it is 
ma sked d uring reset and upon receipt of an interrupt at 
the XIRQ pin. The last interrupt, illegal opcode, is also a 
non-maskable interrupt. Table 3 provides a list of each 
interrupt, its vector location in ROM, and the actual con- 
dition code and control bits that mask it. Figure 4 shows 
the interrupt stacking order. 



Table 3. Interrupt Vector Assignments 



Vector 
Address 


Interrupt Source 


CC 

Register Mask 


Local Mask 


FFC0, C1 


Reserved 
# 






FFD4, D5, 
FFD6, D7 


Reserved 

SCI Serial System 

Receive Data Register Full 

Receive Overrun 

Idle Line Detect 

Transmit Data Register Empty 

Transmit Complete 


I Bit 


RIE 
RIE 
ILIE 
TIE 
TCIE 


FFD8, D9 
FFDA, DB 
FFDC, DD 
FFDE, DF 


SPI Serial Transfer Complete 
Pulse Accumulator Input Edge 
Pulse Accumulator Overflow 
Timer Overflow 


I Bit 
I Bit 
I Bit 
I Bit 


SPIE 
PAN 
PAOVI 
TOI 


FFEO, E1 
FFE2, E3 
FFE4, E5 
FFE6, E7 


Timer Input Capture 4/Output Compare 5 
Timer Output Compare 4 
Timer Output Compare 3 
Timer Output Compare 2 


I Bit 
I Bit 
I Bit 
I Bit 


I405I 
OC4I 
OC3I 
OC2I 


FFE8, E9 
FFEA, EB 
FFEC, ED 
FFEE, EF 


Timer Output Compare 1 
Timer Input Capture 3 
Timer Input Capture 2 
Timer Input Capture 1 


I Bit 
I Bit 
I Bit 
I Bit 


OC1I 
OC3I 
OC2I 
OC1I 


FFF0, F1 
FFF2, F3 

FFF4, F5 
FFF6, F7 


Real-Time Interrupt 

IRQ (External Pin or Parallel I/O) 

External Pin 

Parallel I/O Handshake 
XIRQ Pin (Pseudo Non-Maskable Interrupt) 
SWI 


I Bit 
I Bit 

X Bit 
None 


RTII 

None 
STAI 
None 
None 


FFF8, F9 
FFFA, FB 
FFFC, FD 
FFFE, FF 


Illegal Opcode Trap 

COP Failure (Reset) 

COP Clock Monitor Fail (Reset) 

RESET 


None 
None 
None 
None 


None 
NOCOP 
CME 
None 
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STACK 


SP 


PCL 


SP-1 


PCH 


SP-2 


IYL 


SP-3 


IYH 


SP-4 


IXL 


SP-5 


IXH 


SP-6 


ACCA 


SP-7 


ACCB 


SP-8 


CCR 


SP 9 





- - SP BEFORE INTERRUPT 



— SP AFTER INTERRUPT 



Figure 4. Stacking Order 

SOFTWARE INTERRUPT (SWI) 

The SWI is executed the same as any other instruction 
and will take precedence over interrupts only if the other 
interrupts are masked (I and X bits in the CCR set). The 
SWI execution is similar to the maskable interrupts such 
as setting the I bit, CPU registers are stacked, etc. 

NOTE 

The SWI instruction cannot be fetched as long as 
another interrupt is pending execution. However, 
once fetched, no other interrupt can be honored 
until the first instruction in the SWI service routine 
is completed. 

ILLEGAL OPCODE TRAP 

Since not all possible opcodes or opcode sequences 
are defined, an illegal opcode detection circuit has been 
included in the MCU. When an illegal opcode is detected, 
an interrupt is requested to the illegal opcode vector. 

REAL-TIME INTERRUPT 

The real-time interrupt provides a programmable pe- 
riodic interrupt. This interrupt is maskable by either the 
I bit in the CCR or the RTII control bit. The rate is based 
on the MCU E clock and is software selectable to be El 
2 13 , E/2 14 , E/2 15 , orE/2 16 . 



LOW-POWER MODES 

The MCU contains two programmable low-power op- 
erating modes: stop and wait. In the wait mode, the on- 
chip oscillator remains active; in the stop mode, the os- 
cillator is stopped. The following paragraphs describe the 
two low-power modes. 

STOP 

The STOP instruction places the MCU in its lowest power 
consumption mode, provided the S bit in the CCR is clear. 
In this mode, all clocks are stopped, thereby halting all 
internal processing. 

To exit the sto p mode, a low level must be applied to 
either IRQ, XIRQ or RESET. An external interrupt used at 



IRQ is only efective if the I bit in the CCR is clear. An 
external interrupt applied at the XIRQ input would be 
effective regardless of the X-bit setting in the CCR; how- 
ever, the actual recovery sequence differs, depending on 
the X-bit setting. If the X bit is clear, the MCU starts with 
the stack ing sequence leading to the normal service of 
the XIRQ request. If the X bit is set, the processing will 
always continue with the instruction immedia tely foll ow- 
ing the STOP instruction. A low input to the RESET pin 
will always result in an exit from the stop mode, and the 
start of MCU operations is determined by the reset vector. 

A restart delay is required if the internal oscillator is 
being used, to allow the oscillator to stabilize when ex- 
iting the stop mode. If a stable external oscillator is being 
used, a control bit in the OPTION register may be used 
(cleared) to byp ass the delay. If the control bit is clear, 
then the RESET pin would not normally be used for ex- 
iting the stop mode. In this case, the reset sequence sets 
the delay control bit and the restart delay will be imposed. 

WAIT 

The wait (WAI) instruction places the MCU in a low- 
power consumption mode, but the wait mode consumes 
slightly more power than the stop mode. In the wait mode, 
the oscillator is kept running. Upon execution of the WAIT 
instruction, the machine state is stacked and program 
execution stops. The w ait state can only be exited by an 
unmasked interrupt or RESET. If the I bit is set and the 
COP is disabled, the timer system will be turned off to 
further reduce power consumption. The amount of power 
savings is application dependent and depends upon cir- 
cuitry connected to the MCU pins and upon subsystems 
(i.e., timer, SPI, SCI) that are active when the wait mode 
is entered. Turning off the A/D subsystem by clearing 
ADPU further reduces wait mode current. 



PROGRAMMABLE TIMER 

The timer system uses a "time-of-day" approach in that 
all timing functions are related to a single 16-bit free- 
running counter. The free-running counter is clocked by 
the output of a programmable prescaler (divide by 1, 4, 
8, or 16), which is, in turn, clocked by the MCU E clock. 
The free-running counter can be read by software at any 
time without affecting its value because it is clocked and 
read on opposite half cycles of the E clock. The counter 
is cleared on reset and is a read-only register. The counter 
repeats every 65,536 counts, and when the count changes 
from $FFFF to $0000, a timer overflow flag bit is set. The 
overflow flag also generates an internal interrupt if the 
overflow interrupt enable bit is set. The timer has four 
input capture and five output compare functions. The 
functions and registers of the timer are explained in the 
following paragraphs. 

INPUT CAPTURE FUNCTION 

There are four 16-bit read-only input capture registers 
that are not affected by reset. Each register is used to 
latch the value of the free-running counter when a se- 
lected transition at an extenal pin is detected. External 
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devices provide the inputs on the PA0-PA3 pins, and an 
interrupt can be generated when an input capture edge 
is detected. The time of detection can be read from the 
appropriate register as part of the interrupt routine. 

Port A pin 3 serves multiple functions. After reset, data 
direction bit 3 (DDRA3), in the PACTL register is cleared 
to zero configuring port A pin 3 as an input. Port A pin 
3 can then be used as a input capture 4 (IC4), by setting 
14/05 to "one" in the PACTL register. The 14/05 bit is 
configured to OC5 (cleared to zero) on reset. If DDRA3 is 
configured as an output and IC4 is enabled, writes to port 
A bit 3 causes edges on the PA3 to result in input captures. 
When the TI405 register is acting as the IC4 capture reg- 
ister it cannot be written to. When PA3 is being used as 
IC4, writes to TI405 register have no meaning. 

TIMER CONTROL REGISTER 2 (TCTL2) $1021 




7 


6 


5 


4 


3 


2 


1 


0 


EDG4B 


EDG4A 


EDG1B 


EDG1A 


E0G2B 


EDG2A 


EDG3B 


EDG3A 


RESET 
0 


0 


0 


0 


0 


0 


0 


0 



EDGxB and EDGxA — Input Capture x Edge Control 
These two bits (EDGxB and EDGxA) are cleared to 
zero by reset and are encoded to configure the input 
sensing logic for input capture x. 



EDGxB 


EDGxA 


Configuration 


0 


0 


Capture disabled 


0 


1 


Capture on rising edges only 


1 


0 


Capture on falling edges only 


1 


1 


Capture on any (rising or falling) edge 



OUTPUT COMPARE FUNCTION 

There are five 16-bit read/write output compare reg- 
isters, which are set to $FFFF on reset. A value written 
into the SE registers is compared to the free-running 
counter value during each E-clock cycle. If a match is 
found, the particular output compare flag is set, and an 
interrupt is generated, provided that particular interrupt 
is enabled. 

In addition to the interrupt, a specified action may be 
initiated at a timer output pin(s). For output compare one 
(OC1), the output action to be taken when a match is 
found is controlled by a 5-bit mask register and a 5-bit 
data register. The mask register specifies which timer 
port outputs are to be used, and the data register specifies 
what data is placed on the SE timer ports. For OC2 through 
OC5, one specific timer output is affected as controlled 
by the two-bit fields in a timer control register. These 
actions include: 1 ) timer disconnect from output pin logic, 
2) toggle output compare line, 3) clear output compare 
line to zero, or 4) set output compare line to one. Upon 
reset, 14/05 is configured as OC5. The OC5 function over- 
rides DDRA3 to force the Port A pin 3 to be an output 
whenever OM5:OL5 bits are not 0:0. In all other aspects, 
OC5 works the same as the other output compares. 



TIMER COMPARE FORCE REGISTER (CFORC) $100B 

This 8-bit write-only register is used to force early out- 
put compare actions. This compare force function is not 
recommended for use with the output toggle function 
because a normal compare occurring immediately before 
or after the force may result in undersirable operation. 
7 6 5 4 3 2 1 0 



FOCI 


F0C2 


F0C3 


F0C4 


F0C5 


0 


0 


0 


RESET 
0 


0 


0 


0 


0 


0 


0 


0 



FOC1-FOC5 — Force Output Compare x Action 

1 = Causes action progrmmed for output compare 

x, except the OCxF flag bit is not set 
0 = Has no meaning 
Bits 2-0 — Not Implemented 
These bits always read zero. 

OUTPUT COMPARE 1 MASK REGISTER (OC1M) $100C 

This register is used with output compare 1 to specify 
the bits of port A which are affected as a result of a 
successful OC1 compare. 

7 6 5 4 3 2 1 0 



| 0C1M7 


0C1M6 


0C1M5 


0C1M4 


0C1M3 


0 


0 


0 


RESET 
0 


0 


0 


0 


0 


0 


0 


0 



Set bit(s) to enable OC1 to control corresponding pin(s) 
of port A. 

OUTPUT COMPARE 1 DATA REGISTER (OC1D) $100D 

This register is used with output compare 1 to specify 
the data which is to be stored to the affected bit of port 
A as a result of a successful OC1 compare. 

7 6 5 4 3 2 1 0 



0C1D7 


0C1D6 


0C1D5 


0C1D4 


0C1D3 


0 


0 


0 ■ 



RESET 

00000000 

If OC1Mx is set, data in OC1Dx is output to port A bit-x 
on successful OC1 compares. 

TIMER CONTROL REGISTER (TCTL1) $1020 



7 


6 


5 


4 


3 


2 


1 


0 


0M2 


0L2 


0M3 


0L3 


0M4 


0L4 


0M5 


0L5 


RESET 
0 


0 


0 


0 


0 


0 


0 


0 



OM2-OM5 — Output Mode 

OL2-OL5 — Output Level 

These control bit pairs (OMx and OLx) are encoded 
to specify the output action taken as a result of a 
successful OCx compare. 



OMx 


OLx 


Action Taken Upon Successful Compare 


0 


0 


Timer disconnected from output pin logic 


0 


1 


Toggle OCx output line 


1 


0 


Clear OCx output line to zero 


1 


1 


Set OCx output line to one 
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TIMER INTERRUPT MASK REGISTER 1 (TMSK1) 



7 


6 


5 


4 


3 


2 


1 


0 


0C1I 


0C2I 


0C3I 


0C4I 


I405I 


I CI I 


IC2I 


IC3I 


RESET 
0 


0 


0 


0 


0 


0 


D 


0 



OCxI — Output Compare x Interrupt 

1 = Interrupt sequence requested if OCxF=1 in 
TFLG1 

0 = Interrupt inhibited 
ICxI — Input Capture x Interrupt 

1 = Interrupt sequence requested if ICxF = 1 in TFLG1 
0 = Interrupt inhibited 

NOTE 

When the 14/05 bit in the PACTL register is one, 
the I405I bit behaves as the input capture 4 interrupt 
bit. When 14/05 is zero, the I405I bit acts as the 
output compare 5 interrupt control bit. 

TIMER INTERRUPT FLAG REGISTER 1 (TFLG1) 

This register is used to indicate the occurrence of timer 
system events and, with the TMSK1 register, allows the 
timer subsystem to operate in a polled or interrupt driven 
system. Each bit in the TFLG1 has a corresponding bit in 
the TMSK1 in the same bit position. 



7 


6 


5 


4 


3 


2 


1 


0 


| 0C1F 


0C2F 


0C3F 


0C4F 


I405F 


IC1F 


IC2F 


IC3F 


RESET 
0 


0 


0 


0 


. 0 


0 


0 


0 



OCxF — Output Compare x Flag 

Set each time the timer counter matches the output 
compare register x value. To clear a flag bit in TFLG1, 
you must write a "one" to the corresponding bit po- 
sition(s). 
1 = Bit cleared 

0 = Not affected 

ICxF — Input Capture x Flag 

Set each time a selected active edge is detected on 
the ICx input line. To clear a flag bit in TFLG1, you 
must write a "one" to the corresponding bit posi- 
tion(s). 

1 = Bit cleared 

0 = Not affected 

NOTE 

When the 14/05 bit in the PACTL register is one, 
the I405F bit behaves as the input capture 4 flag 
bit. When 14/05 is zero, the I405I bit acts as the 
output compare 5 flag. 

TIMER INTERRUPT MASK REGISTER 2 (TMSK2) $1024 

This register is used to control whether or not a hard- 
ware interrupt sequence is requested as a result of a 
status bit being set in TFLG1. Two timer prescaler bits 
are also included in this register. 
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RESET 
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0 
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0 


0 


0 
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TOI — Timer Overflow Interrupt Enable 
1 = Interrupt request when TOF = 1 

0 = TOF interrupt disabled 
RTII — RTI Interrupt Enable 

1 = Interrupt requested when RTIF = 1 

0 = RTIF interrupt disabled 

PAOVI — Pulse Accumulator Overflow Interrupt Enable 

1 = Interrupt requested when PAOVF = 1 
0=PAOVF disabled 

PAII — Pulse Accumulator Input Interrupt Enable 
1 = Interrupt requested when PAIF=1 
0 = PAIF disabled 
Bits 3-2 — Not Implemented 

These bits always read zero. 
PR1 and PRO — Timer Prescaler Selects 

Can only be written to during initialization. Writes 
are disabled after the first write or after 64 E cycles 
out of reset. 



PR1 


PRO 


Divide-by-Factor 


0 


0 


1 


0 


1 


4 


1 


0 


8 


1 


1 


16 




TIMER INTERRUPT FLAG REGISTER 2 (TFLG2) $1025 

This register is used to indicate the occurrence of timer 
system events and, with the TMSK2 register, allows the 
timer subsystem to operate in a polled or interrupt driven 
system. Each bit in the TFLG2 has a corresponding bit in 
the TMSK2 in the same bit position. 
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RTIF 


PAOVF 


PAIF 


0 


0 


0 


0 


RESET 
0 


0 


0 


0 


0 


0 


0 
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TOF — Timer Overflow 

Set to one each time the 16-bit free-running counter 

advances from a value of $FFFF to $0000. Cleared by 

a write to TFLG2 with bit 7 set. 
RTIF — Real-Time Interrupt Flag 

Set at each rising edge of the selected tap point. 

Cleared by a write to TFLG2 with bit 6 set. 
PAOVF — Pulse-Accumulator Overflow Interrupt Flag 

Set when the count in the pulse accumulator rolls 

over from $FF to $00. Cleared by a write to the TFLG2 

with bit 5 set. 
PAIF — Pulse-Accumulator Input-Edge Interrupt Flag 

Set when an active edge is detected on the PAI input 

pin. Cleared by a write to TFLG2 with bit 4 set. 
Bits 3-0 — Not Implemented 

These bits always read zero. 
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PULSE ACCUMULATOR 

The pulse accumulator is an 8-bit counter that can op- 
erate in either of two modes, depending on the state of 
a control bit in the PACTL register. These are the event 
counting mode and the gated time accumulation mode. 
In the event counting mode, the 8-bit counter is clocked 
to increasing values by an external pin. The maximum 
clocking rate for the external event counting mode is E 
clock divided by two. In the gated time accumulation 
mode, a free-running E clock/64 signal drives the 8-bit 
counter, but only while the external PAI input pin is ac- 
tivated. 



PULSE ACCUMULATOR CONTROL REGISTER (PACTL) 
$1026 

Four bits in this register are used to control an 8-bit 
pulse accumulator system, and two other bits are used 
to select the rate for the real-time interrupt system. 



5 



DDRA7 PAEN PAMOD PEDGE DDRA3 14/05 RTR1 



RESET 
0 

DDRA7 - 
1 = 

0 = 

PAEN — 

1 = 

0 = 

PAMOD ■ 

1 = 

0 = 

PEDGE - 
This 

1 = 



0 = 



DDRA3 - 

1 = 

0 = 

14/05 — 

1 = 
0 = 



- Data Direction for Port A Bit 7 
Output 
Input only 

Pulse-Accumulator System Enable 
Pulse accumulator on 
Pulse accumulator off 

- Pulse Accumulator Mode 
Gated time accumulator 
External even counting 

- Pulse Accumulator Edge Control 
bit provides clock action along with PAMOD. 
Sensitive to rising edges at PAI pin if PA- 
MOD = 0. In gated accumulation mode counting 
is enabled by a low on PAI pin if PAMOD = 1. 
Sensitive to falling edges at PAI pin if 
PAMOD = 0. In gated accumulation mode 
counting is enabled by a high on PAI pin if 
PAMOD = 1. 

- Data Directional for Port A Bit 3 
= Output 

= Input only 
Input 4/Output 5 

= Input capture 4 function enabled (No OC5) 
= Output compare 5 function enabled (No IC4) 



RTR1 and RTR0 — RTI Interrupt Rate Selects 

These two bits select one of four rates for the real- 
time periodic interrupt circuits. Reset clears these 
two bits and after reset, a full RTI period elapses 
before the first RTI interrupt. 



EEPROM PROGRAMMING 

The 512 bytes of EEPROM are located at $B600 through 
$B7FF and have the same read cycle time as the internal 
ROM. Programming of the EEPROM is controlled by the 
EEPROM programming control register (PPROG). The 
EEPROM is disabled when the EEON bit in the system 
configuration register (CONFIG) is zero. Programming and 
erasure of the EEPROM relies on an internal high-voltage 
charge pump. At E clock frequencies below 2 MHz, the 
efficiency of this charge pump decreases, which in- 
creases the time required to program or erase a location. 
Recommended program and erase time is 10 millise- 
conds when the E clock is between 2 MHz and should be 
increased to as much as 20 milliseconds when E clock is 
between 1 MHz and 2 MHz. When E clock is below 1 MHz, 
the clock source for the charge pump should be switched 
from the system clock to an on-chip R-C oscillator clock. 
This is done by setting the CSEL bit in the OPTION reg- 
ister. A 10 millisecond period should be allowed after 
setting the CSEL bit to allow the charge pump to stabilize. 
The following paragraphs describe how to program or 
erase the EEPROM using the PPROG control register. 



EEPROM BLOCK PROTECT REGISTER (BPROT) S1035 

This register protects inadvertent writes to the CONFIG 
register and to the 512 bytes of EEPROM. The bits in this 
register may only be written to "zero" during the first 64 
E clock cycles after reset in the normal mode. Once the 
bits are set to zero, the associated EEPROM section and/ 
or the CONFIG register may be programmed or erased 
in the normal manner. The EEPROM is only visible if the 
EEON bit in the CONFIG register is set to "one". The 
CONFIG register bits may be written to "one" at anytime 
in the normal mode. In the test or bootstrap mode, the 
bits in the BPROT register may be set or cleared at an- 
ytime. The bits in the BPROT register may be written back 
to "one" (anytime after the first 64 E clock cycles) to 
protect the EEPROM and/or the CONFIG register, but can 
only be cleared in the test or bootstrap modes. 



RTR1 


RTR0 


Divide 
E By 


XTAL = 2 23 


XTAL = 8.0 MHz 


XTAL=4.9152 MHz 


XTAL=4.0 MHz 


XTAL = 3.6864 MHz 


0 


0 


2 13 


3.91 ms 


4.10 ms 


6 67 ms 


8 19 ms 


8.89 ms 


0 


1 


2 14 


7.81 ms 


8.19 ms 


13.33 ms 


16.38 ms 


17.78 ms 


1 


0 


2 15 


15.62 ms 


16.38 ms 


26.67 ms 


32.77 ms 


35 56 ms 


1 


1 


2^6 


31.25 ms 


32.77 ms 


53.33 ms 


65.54 ms 


71.11 ms 



E= 2.1MHz 2.0 MHz 1.2288 MHz 1.0 MHz 921.6 kHz 
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PTCON BPRT3 BPRT2 BPRT1 BPRTO 



RESET 

0 0 0 1 1 1 1 1 

Bits 7-5 — Not Implemented 

These bits always read as zero 
PTCON — Protect CONFIG Register 

1 = Programming/erasure of the CONFIG register 

disabled 

0 = Programming/erasure of the CONFIG register 
allowed 

BPRT3-BPRT0 — Block Protect 

When set, these bits protect a block of EEPROM from 
programming and erasure; when cleared, these bits 
allow programming and erase of the associated block. 



Bit 


Block Protected 


Size 


BPRTO 


$B600-$B61F 


32 Bytes 


BPRT1 


$B620-$B65F 


64 Bytes 


BPRT2 


$B660-$B6DF 


128 Bytes 


BPRT3 


$B6E0-$B7FF 


288 Bytes 



ERASING THE EEPROM 

Erasure of the EEPROM is controled by bit settings in PPROG, 
and the appropriate bits in the BPROT register must also be 
cleared before the EEPROM can be changed. Programs can be 
written to perform bulk, row, or byte erase In bulk erase, all 512 
bytes of the EEPROM are erased. In row erase, 16 bytes ($B600- 
SB60F, $B610-$B61 F), etc) are erased. Other MCU operations can 
continue to be performed during erasing provided the opera- 
tions do not include reads of data from EEPROM. 

PROGRAMMING EEPROM 

During programming, the ROW and BYTE bits are not used. 
If the E clock frequency is 1 MHz or less, the CSEL bit in the 
OPTION register must be set. Zeros must be erased by a separate 
erase operation before programming. Other MCU operations 
can continue to be performed during programming provided the 
operations do not include reads of data from EEPROM. 

EEPROM PROGRAMMING CONTROL REGISTER (PPROG) $103B 

This 8-bit register is used to control programming and erasure 
of the EEPROM This register is cleared on reset so the EEPROM 
is configured for normal reads. 

7 6 5 4 3 2 1 0 



ODD 


EVEN 


0 


BYTE 


ROW 


ERASE 


EELAT 


EEPGM 


RESET 
0 


0 


0 


0 


0 


0 


0 


0 



ODD — Program Odd Rows (TEST) 
EVEN — Program Even Rows (TEST) 
Bit 5 — Not Implemented 

This bit always reads zero. 
BYTE — Byte Erase Select 

This bit overrides the ROW bit. 
1 = Erase only one byte 

0 = Row or bulk erase 
ROW — Row Erase Select 

If BYTE bit = 1 , ROW has no meaning. 

1 = Row erase 

0 = Bulk or byte erase 



ERASE — Erase Mode Select 
1 = Erase mode 

0 = Normal read or program 
EELAT — EEPROM Latch Control 

1 = EEPROM Address and data configured for pro- 

grammming/erasing 

0 = EEPROM Address and data configured for read 

mode 

EEPGM — EEPROM Programming Voltage Enable 

1 = Programming voltage turned on 
0 = Programming voltage turned off 

NOTE 

A strict register access sequence must be fol- 
lowed to allow successful programming and erase 
operations. The following procedures for modifying 
the EEPROM and CONFIG register detail the se- 
quence. If an attempt is made to set both the EELAT 
and EEPGM bits in the same write cycle and if this 
attempt occurs before the required write cycle with 
the EELAT bit set, then neither is set. If a write to 
an EEPROM address is performed while the EEPGM 
bit is set, the write is ignored, and the programming 
operation in progress is not disturbed. If no EEPROM 
address is written between when EELAT is set and 
EEPGM is set, then no program or erase operation 
takes place. These safeguards were included to pre- 
vent accidental EEPROM changes in cases of pro- 
gram runaway. 



ERASING THE CONFIG REGISTER 

Erasing the CONFIG register follows the same proce- 
dures as that used for the EEPROM including bulk, byte, 
and row erase. The CONFIG register may be programmed 
or erased while the MCU is operating in any mode de- 
pending on the setting of bit 4 in BPROT. 



PROGRAMMING THE CONFIG REGISTER 

Programming the CONFIG register follows the same 
procedures as that used for the EEPROM except the CON- 
FIG register address is used. 



SYSTEM CONFIGURATION REGISTER (CONFIG) S103F 

The CONFIG is implemented in EEPROM cells and con- 
trols the presence of ROM and EEPROM in the memory 
map and enables the COP watchdog system. 



| 0 I 0 | 0 | 0 I NOSEC | NDCOP | RDMDN | EEON | 

Bits 7-4 - Not Implemented 

These bits are always read as zero. 
NOSEC — Security Mode Disable Bit 

This bit is only implemented if it is specifically re- 
quested with the submission of mask ROM infor- 
mation. 
1 = Disable security mode 
0 = Enable security mode 
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NOCOP — COP System Disable 

1 =COP watchdog system disabled 
0 = COP watchdog system enabled 

ROMON — Enable On-Chip ROM 

When this bit is programmed to "zero", the 1 2K ROM 
is disabled, and that memory space becomes exter- 
nally accessed space. In the single-chip mode, the 
internal 12K ROM is enabled regardless of the state 
of the ROMON bit. 

EEON — Enable On-Chip EEPROM 

When this bit is programmed to "zero", the 512-byte 
EEPROM is disabled, and that memory space be- 
comes externally accessed space. 



SERIAL COMMUNICATIONS INTERFACE 

The serial communications interface (SCI) allows the 
MCU to be efficiently interfaced with peripheral devices 
that require an asynchronous serial data format. The SCI 
uses a standard NRZ format with a variety of baud rates 
derived from the crystal clock circuit. Interfacing is ac- 
complished using port D pins: PDO for receive data (RxD) 
and PD1 for the transmit data (TxD). The baud-rate gen- 
eration circuit contains a programmable prescaler and 
divider clocked by the MCU E clock. Figure 5 shows a 
block diagram of the SCI. 

DATA FORMAT 

Receive data in or transmit data out is the serial data 
presented between the PDO and the internal data bus and 
between the internal data bus and PD1. The data format 
requires 

1) An idle line in the high state prior to transmission/ 
reception of a message; 

2) A start bit that is transmitted/received, indicating 
the start of each character; 

3) Data that is transmitted and received least-signif- 
icant bit (LSB) first; 

4) A stop bit (tenth or eleventh bit set to logic one), 
which indicates the frame is complete; and 

5) A break defined as the transmission or reception 
of a logic zero for some multiple of frames. 

Selection of the word length is controlled by the M bit in 
serial communications control register 1 (SCCR1). 

TRANSMIT OPERATION 

The SCI transmitter includes a parallel data register and 
a serial shift register. This double-buffered system allows 
a character to be shifted out serially while another char- 
acter is waiting in the transmit data register to be trans- 
ferred into the serial shift register. The output of the serial 
shift register is applied to PD1 as long as transmission is 
in progress or the transmit enable bit is set. 

RECEIVE OPERATION 

Data is received in a serial shift register and is trans- 
ferred to a parallel receive data register as a complete 
word. This double-buffered system allows a character to 
be shifted in serially while another character is already 



in the receive data register. An advanced data recovery 
scheme is used to distinguish valid data from noise in 
the serial data stream. The data input is selectively sam- 
pled to detect receive data, and a majority voting circuit 
determines the value and intergrity of each bit. 

WAKE-UP FEATURE 

The wake-up feature reduces SCI service overhead in 
multiple receiver systems. Software for each receiver 
evaluates the first character(s) of each message. If the 
message is intended for a different receiver, the SCI can 
be placed in a sleep mode, disabling the rest of the mes- 
sage from generating requests for service. Whenever a 
new message begins, logic causes the sleeping receivers 
to awaken and evaluate the initial character(s) of the new 
message. Two methods of wake up are available: idle- 
line wake up or address mark wake up. In idle-line wake 
up, a sleeping receiver wakes up as soon as the RxD line 
becomes idle. In the address mark wake up, a "one" in 
the most-significant bit (MSB) of a character is used to 
indicate that the message is an address that wakes up a 
sleeping receiver. 

SCI REGISTERS 

The following paragraphs describe the operations of 
the five registers used in the SCI. 

Serial Communications Data Registers (SCDR) S102F 

The SCDR performs two functions: as the receive data 
register when it is read and as the transmit data register 
when it is written. Figure 5 shows the SCDR as two sep- 
arate registers. 

Serial Communications Control Register 1 (SCCR1) $102C 

The SCCR1 provides the control bits to determine word 
length and select the method used for the wake-up fea- 
ture. 
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R8 — Receive Data Bit 8 

If the M bit is set, this bit provides a storage location 
for the ninth bit in the receive data character. 

T8 — Transmit Data Bit 8 

If the M bit is set, this bit provides a storage location 
for the ninth bit in the transmit data character. 

Bit 5 — Not Implemented 
This bit always reads zero. 

M — SCI Character Length 

1 = 1 start bit, 9 data bits, 1 stop bit 

0 = 1 start bit, 8 data bits, 1 stop bit 
WAKE — Wake-Up Method Select 

1 =Address mark 
0 = Idle line 

Bits 2-0 — Not Implemented 
These bits always read zero. 
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NOTE. The Serial Communications Data Register (SCDR) is controlled by the internal R/W signal. It is the transmit data register when 
written and received data register when read 



Figure 5. SCI Block Diagram 
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Serial Communications Control Register 2 (SCCR2) 

The SCCR2 provides the control bits that enable/disable 
individual SCI functions. 



7 


6 


5 


4 


3 


2 


1 


0 


TIE 


TCIE 


RIE 


ILIE 


TE 


RE 


RWU 


SBK 


RESET 
0 


0 


0 


0 


0 


0 


0 


0 




TIE — Transmit Interrupt Enable 
1=SCI interrupt if TDRE = 1 

0 = TDR interrupts disabled 

TCIE — Transmit-Complete Interrupt Enable 

1 = SCI interrupt if TC = 1 

0 = TC interrupts disabled 
RIE — Receive Interrupt Enable 

1 = SCI interrupt if RDRF or OR = 1 
0 = RDRF or OR interrupt disabled 

ILIE — Idle-Line Interrupt Enable 
1=SCI interrupt if IDLE = 1 

0 = IDLE interrupts disabled 
TE — Transmit Enable 

1 = Transmit shift register output is applied to the 

TxD line 

0 = PD1 pin reverts to general-purpose I/O as soon 

as current transmitter activity finishes. 
RE — Receive Enable 

1 = Receiver enabled 

0 = Receiver disabled and RDRF, IDLE, OR, NF, and 
FE interrupts are inhibited 

RWU — Receiver Wake Up 

When set by user's software, this bit puts the receiver 
to sleep and enables the "wake-up" function. If the 
WAKE bit is zero, RWU is cleared by the SCI logic 
after receiving 10 (M = 0) or 11 (M = 1) consecutive 
ones. If WAKE is one, RWU is cleared by the SCI logic 
after receiving a data word whose MSB is set. 

SBK — Send Break 

If this bit is toggled set and cleared, the transmitter 
sends 10 (M = 0) or 11 (M = 1) zeros and then reverts 
to idle or to sending data. If SBK remains set, the 
transmitter will continually send whole frames of 
zeros (sets of 10 or 11) until cleared. 

Serial Communications Status Register (SCSR) 

The SCSR provides inputs to the interrupt logic circuits 
for generation of the SCI system interrupts. 
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TDRE — Transmit Data Register Empty 

1 = Automatically set when contents of the serial 
communications data register was transferred 
to the transmit serial shift register 

0 = Cleared by a read of SCSR (with TDRE = 1 ) fol- 

lowed by a write to SCDR 
TC — Transmit Complete 

1 = Automatically set when all data frame, pream- 

ble, or break condition transmissions are com- 
plete 



0 = Cleared by a read of SCSR (with TC=1) fol- 

lowed by a write to SCDR 
RDRF — Receive Data Register Full 

1 = Automatically set when a character is trans- 

ferred from the receiver shift register to the 
SCDR 

0 = Cleared by a read of SCSR (with RDRF = 1 ) fol- 

lowed by a read of SCDR 
IDLE — Idle-Line Detect 

This bit is inhibited while RWU = 1 . 

1 = Automatically set when the receiver serial input 

becomes idle after having been active 

0 = Cleared by a read of SCSR (with IDLE = 1 ) fol- 

lowed by a read of SCDR 
OR — Overrun Error 

1 = Automatically set when a new character cannot 

transfer from the receive shift register because 
the character in SCDR has not been read 

0 = Cleared by a read of SCSR (with OR = 1) fol- 

lowed by a read of SCDR 
NF — Noise Flag 

1 = Automatically set when majority voting logic 

does not bind unanimous agreement of all sam- 
ples in any bit in the received frame 

0 = Cleared by a read of SCSR (with NF-1) fol- 

lowed by a write to SCDR 
FE — Framing Error 

1 = Automatically set when a logic 0 is detected 

where a stop bit was expected 
0 = Cleared by a read of SCSR (with FE - 1 ) followed 
by a read of SCDR 
Bit 0 — Not Implemented 
This bit always reads zero. 



Baud-Rate Register (BAUD) 

This register is used to select different baud rates that 
may be used as the rate control for the receiver and trans- 
mitter. 
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TCLR — Clear Baud-Rate Counters (Test) 

This bit is used to clear the baud-rate counter chain 

during factory testing. TCLR is zero and cannot be 

set while in normal operating modes. 
Bit 6 — Not Implemented 

This bit always reads zero. 
SCP1 and SCPO — SCI Baud-Rate Prescaler Selects 

These bits control a prescaler whose output provides 

the input to a second divider which is controlled by 

the SCR2-SCR0 bits. Refer to Table 4. 

RCKB — SCI Baud-Rate Clock Check (Test) 

This bit is used during factory testing to enable the 
exclusive-OR of the receiver clock and transmitter 
clock to be driven out the TxD pin. RCKB is zero and 
cannot be set while in normal operating modes. 
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Table 4. Prescaler Highest Baud-Rate Frequency Output 



SCP Bit 


Clock* 
Divided By 


Crystal Frequency (MHz) 


1 


0 


8.3886 


8.0 


4.9152 


4.0 


3.6864 


0 


0 


1 


131.072 K Baud 


125.000 K Baud 


76.80 K Baud 


62.50 K Baud 


57.60 K Baud 


0 


1 


3 


43.690 K Baud 


41.666 K Baud 


25.60 K Baud 


20.833 K Baud 


19.20 K Baud 


1 


0 


4 


32.768 K Baud 


31.250 K Baud 


19.20 K Baud 


15.625 K Baud 


14.40 K Baud 


1 


1 


13 


10.082 K Baud 


9600 Baud 


5.907 K Baud 


4800 Baud 


4430 Baud 



*The clock in the "Clock Divide By" column is the internal processor clock. 



SCR2-SCR0 — SCI Baud-Rate Selects 

These bits select the baud rate for both the trans- 
mitter and the receiver. The prescaler output selected 
by SCP1 and SCP0 is further divided by the setting 
of these bits. Refer to Table 5. 



synchronized with the same clock signal. The byte trans- 
mitted is replaced by the byte received, thereby elimi- 
nating the need for separate transmit-empty and receiver- 
full status bits. Figure 6 shows a block diagram of the 
SPI. 



SERIAL PERIPHERAL INTERFACE 

The serial peripheral interface (SPI) is a high-speed syn- 
chronous serial I/O system. The transfer rate is software 
selectable up to one-half of the MCU E clock rate. The 
SPI may be used for simple I/O expansion or to allow 
several MCUsto be interconnected in a multimaster con- 
figuration. Clock phase and polarity are software pro- 
grammable to allow direct compatibility with a large 
number of peripheral devices. 

Four basic signal lines are associated with the SPI sys- 
tem. These are the master-out-slave-in (MOSI), the mas- 
ter-m-slave-out_(MISO), the serial clock (SCK), and the 
slave select (SS). When data is written to the SPI data 
register of a master device, a transfer is automatically 
initiated. A series of eight SCK clock cycles are generated 
to synchronize data transfer. 

When a master device transmits data to a slave device 
via the MOSI line, the slave device responds by sending 
data to the master device via the MISO line. This implies 
full duplex transmission with both data out and data in 



SPI REGISTERS 

There are three registers in the SPI that provide control, 
status, and data-storage functions. These registers are 
described in the following paragraphs. 

Serial Peripheral Control Register (SPCR) 



7 


6 


5 


4 


3 


2 


1 


0 


SPIE 


SPE 


DWOM 


MSTR 


CP0L 


CPHA 


SPR1 


SPRO 


RESET 
0 


0 


0 


0 


0 


1 


U 


U 



SPIE — Serial Peripheral Interrupt Enable 

1 = SPI interrupt if SPIF=1 

0= SPIF interrupts disabled 
SPE — Serial Peripheral System Enable 

1 = SPI system on 

0 = SPI system off 

DWOM — Port D Wire-OR Mode Option 

This bit affects all six port D pins together. 

1 =Port D outputs act as open-drain outputs 
0 = Port D outputs are normal CMOS outputs 



Table 5. Transmit Baud-Rate Output for a Given Prescaler Output 



SCR Bit 


Divided 
By 


Representative Highest Prescaler Baud-Rate Output 


2 


1 


0 


131.072 K Baud 


32.768 K Baud 


76.80 K Baud 


19.20 K Baud 


9600 Baud 


0 


0 


0 


1 


131.072 K Baud 


32.768 K Baud 


76.80 K Baud 


19.20 K Baud 


9600 Baud 


0 


0 


1 


2 


65.536 K Baud 


16.384 K Baud 


38.40 K Baud 


9600 Baud 


4800 Baud 


0 


1 


0 


4 


32 768 K Baud 


8.192 K Baud 


19.20 K Baud 


4800 Baud 


2400 Baud 


0 


1 


1 


8 


16.384 K Baud 


4.096 K Baud 


9600 Baud 


2400 Baud 


1200 Baud 


1 


0 


0 


16 


8.192 K Baud 


2 048 K Baud 


4800 Baud 


1200 Baud 


600 Baud 


1 


0 


1 


32 


4 096 K Baud 


1.024 K Baud 


2400 Baud 


600 Baud 


300 Baud 


1 


1 


0 


64 


2.048 K Baud 


512 Baud 


1200 Baud 


300 Baud 


150 Baud 


1 


1 


1 


128 


1.024 K Baud 


256 Baud 


600 Baud 


150 Baud 


75 Baud 
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Figure 6. SPI Block Diagram 



MSTR — Master Mode Select 
1 = Master mode 

0 = Slave mode 

CPOL — Clock Polarity 

This bit selects the polarity of the SCK clock. 

1 =SCK line idles high 
0 = SCK line idles low 

CPHA — Clock Phase 

This bit selects one of two fundamentally different 

clock protocols. Refer to Figure 7. 

If CPHA = 0, transfer begins when SS goes low and 
ends when SS goes high after eight clock cycles on 
SCK. If CPHA= 1, transfer begins the first time SCK 
becomes active while SS is low and ends when the 
SPIF flag gets set. 

SPR1 and SPRO — SPI Clock Rate Select 

These two bits select one of four baud rates to be 
used as SCK if the SPI is set as the master. They have 
no effect in the slave mode. 



SPR1 


SPRO 


Internal Processor Clock Divide By 


0 


0 


2 


0 


1 


4 


1 


0 


16 


1 


1 


32 



Serial Peripheral Status Register (SPSR) $1029 



7 


6 


5 


4 


3 


2 


1 


0 


SPIF 


WCOL 


0 


MODF 


0 


0 


0 


0 


RESET 
0 


0 


0 


0 


0 


0 


0 


0 



SPIF — SPI Transfer Complete Flag 

1 = Automatically set when data transfer is com- 
plete between processor and external device 

0 = Cleared by a read of SPSR (with SPIF = 1 ), fol- 

lowed by an access (read or write) of the SPDR 
WCOL — Write Collision 

1 = Automatically set when an attempt is made to 

write to the SPI data register while data is being 
transferred 

0 = Cleared by a read of SPSR (with WCOL = 1 ), fol- 

lowed by an access (read or write) of the SPDR 

Bit 5 — Not Implemented 

This bit always reads zero. 

MODF — Mode Fault 

This bit indicates the possibility of a multi-master 
conflict for system control and therefore allows a 
proper exit from system operation to a reset or de- 
fault system state. 

1 = Automatically set when a master device has its 

SS pin pulled low 
0 = Cleared by a read of SPSR (with MODF = 1 ), fol- 
lowed by a write to the SPCR. 
Bits 3-0 — Not Implemented 
These bits always read zero. 
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Figure 7. Data Clock Timing Diagram 



Serial Peripheral Data I/O Register (SPDR) 

This register is used to transmit and receive data on 
the serial bus. A write to this register in a master will 
initiate transmission/reception of another byte. A slave 
writes data to this register for later transmission to a 
master. When transmission is complete, the SPIF status 
bit is set in both the master and slave device. When a 
read is performed on the SPDR, a buffer is actually being 
read. The first SPIF must be cleared by the time a second 
transfer of data from the shift register to the read buffer 
is initiated, or an overrun condition will exist. In case of 
an overrun, the byte causing the overrun is lost. 



in a conversion complete flag after the first four conver- 
sions. The sequences are as follows: 

1) Convert one channel four times and stop, se- 
quential results placed in the result registers. 

2) Convert one group of four channels and stop, each 
result register is dedicated to one channel. 

3) Convert one channel continuously, updating the 
result registers in a round-robin fashion. 

4) Convert one group of four channels (round-robin 
fashion) continuously, each result register is ded- 
icated to one channel. 



ANALOG-TO-DIGITAL CONVERTER 

The MCU contains an 8-channel, multiplexed-input, 
successive approximation, analog-to-digital (A/D) con- 
verter with sample and hold. Two dedicated lines (Vrl, 
and Vrh) are provided for the reference supply voltage 
input. These pins are used instead of the device power 
pins to increase the accuracy of the A/D conversion. 

The 8-bit A/D conversions of the MCU are accurate to 
within ±1 LSB (±1/2 LSB quantizing errors and ±1/2 
LSB all other errors combined). Each conversion is ac- 
complished in 32 MCU E-clock cycles. An internal control 
bit allows selection of an internal conversion clock os- 
cillator that allows the A/D to be used with very low MCU 
clock rates. A typical conversion cycle requires 16 micro- 
seconds to complete at a 2-MHz bus frequency. 

Four result registers are included to further enhance 
the A/D subsystem along with control logic to control 
conversion activity automatically. A single write instruc- 
tion selects one of four conversion sequences, resulting 



INSTRUCTION SET 

The MCU can execute all of the M6800 and M6801 
instructions. In addition to these instructions, 91 new op- 
codes are provided by the paged opcode map. These 
instructions can be divided into five different types: 1) 
accumulator and memory, 2) index register and stack 
pointer, 3) jump, branch, and program control, 4) bit ma- 
nipulation, and 5) condition code register instructions. 
The following paragraphs briefly explain each type. 

ACCUMULATOR/MEMORY INSTRUCTIONS 

Most of these instructions use two operands. One op- 
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The accumulator/memory instruc- 
tions can be divided into four subgroups: 1) load/store/ 
transfer, 2) arithmetic/math, 3) logical, and 4) shift/rotate. 
The following paragraphs describe the different groups 
of accumulator/memory instructions. 
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Load/Store/Transfer 

Refer to the following table for load/store/transfer in- 
structions. 



Function 


Mnemonic 


Clear Memory Byte 


CLR 


Clear Accumulator A 


CLRA 


Clear Accumulator B 


CLRB 


Load Accumulator A 


LDAA 


Load Accumulator B 


LDAB 


Load Double Accumulator D 


LDD 


Push A onto Stack 


PSHA 


Push B onto Stack 


PSHB 


Pull A from Stack 


PULA 


Pull B from Stack 


PULB 


Store Accumulator A 


STAA 


Store Accumulator B 


STAB 


Store Accumulator D 


STD 


Transfer A to B 


TAB 


Transfer A to CC Register 


TAP 


Transfer B to A 


TBA 


Transfer CC Register to A 


TPA 


Exchange D with X 


XGDX 


Exchange D with Y 


XGDY 


Arithmetic/Math 




Refer to the following table for the arithmetic/math in- 


structions. 




Function 


Mnemonic 


Add Accumulators 


ABA 


Add B to X 


ABX 


Add B to Y 


ABY 


Add with Carry to A 


ADCA 


Add with Carry to B 


ADCB 


Add Memory to A 


ADDA 


Add Memory to B 


ADDB 


Add 16-Bit to D 


ADDD 


Compare A to B 


CBA 


Compare A to Memory 


CMPA 


Compare B to Memory 


CMPB 


Compare D to Memory (16 Bit) 


CPD 


Decimal Adjust A 


DAA 


Decrement Memory Byte 


DEC 


Decrement Accumulator A 


DECA 


Decrement Accumulator B 


DECB 


Fractional Divide 16x16 


FDIV 



Function 


Mnemonic 


Integer Divide 16x16 


IDIV 


Increment Memory Byte 


INC 


Increment Accumulator A 


INCA 


Increment Accumulator B 


INCB 


Multiply 8x8 


MUL 


2's Complement Memory Byte 


NEG 


2's Complement A 


NEGA 


2's Complement B 


NEGB 


Subtract B from A 


SBA 


Subtract with Carry from A 


SBCA 


Subtract with Carry from B 


SBCB 


Subtract Memory from A 


SUBA 


Subtract Memory from B 


SUBB 


Subtract Memory from D 


SUBD 


Test for Zero or Minus 


TST 


Test for Zero or Minus A 


TSTA 


Test for Zero or Minus B 


TSTB 



Shift/Rotate 

The shift and rotate instructions automatically operate 
through the carry bit, which allows easy extension to 
multiple bytes. Refer to the following list for the shift/ 
rotate instructions. 



— Continued— 



Function 


Mnemonic 


Arithmetic Shift Left 


ASL 


(Logical Shift Left) 


(LSD 


Arithmetic Shift Left A 


ASLA 


(Logical Shift Left Accumulator A) 


(LSLA) 


Arithmetic Shift Left B 


ASLB 


(Logical Shift Left Accumulator B) 


(LSLB) 


Arithmetic Shift Left Double 


ASLD 


(Logical Shift Left Double) 


(LSLD) 


Arithmetic Shift Right 


ASR 


Arithmetic Shift Right A 


ASRA 


Arithmetic Shift Right B 


ASRB 


Logical Shift Right 


LSR 


Logical Shift Right Accumulator A 


LSRA 


Logical Shift Right Accumulator B 


LSRB 


Logical Shift Right Double 


LSRD 


Rotate Left 


ROL 


Rotate Left Accumulator A 


ROLA 


Rotate Left Accumulator B 


ROLB 


Rotate Right 


ROR 


Rotate Right Accumulator A 


RORA 


Rotate Right Accumulator B 


RORB 
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Logical 

This group is used to make comparisions, decisions, 
and extractions of data. Refer to the following list for the 
logical instructions. 



Function 


Mnemonic 


AND A with Memory 


AN DA 


AND B with Memory 


ANDB 


Bit(s) Test A with Memory 


BITA 


Bit(s) Test B with Memory 


BITB 


1's Complement Memory Byte 


COM 


1's Complement A 


COMA 


1's Complement B 


COMB 


Exclusive OR A with Memory 


EORA 


Exclusive OR B with Memory 


EORB 


OR Accumulator A (Inclusive) 


ORAA 


OR Accumulator B (Inclusive) 


ORAB 



INDEX-REGISTER AND STACK-POINTER INSTRUCTIONS 

These instructions provide a method for storing data 
and for manipulation of index register, stack pointer, and 
individual segments of data within the register and stack 
pointer. Refer to the following list for the index-register 
and stack-pointer instructions. 



Function 


Mnemonic 


Add B to X 


ABX 


Add B to Y 


ABY 


Compare X to Memory (16 Bit) 


CPX 


Compare Y to Memory (16 Bit) 


CPY 


Decrement Stack Pointer 


DES 


Decrement Index Register X 


DEX 


Decrement Index Register Y 


DEY 


Increment Stack Pointer 


INS 


Increment Index Register X 


INX 


Increment Index Register Y 


INY 


Load Index Register X 


LDX 


Load Index Register Y 


LDY 


Load Stack Pointer 


LDS 


Push X onto Stack (Low First) 


PSHX 


Push Y onto Stack (Low First) 


PSHY 


Pull X from Stack (High First) 


PULX 


Pull Y from Stack (High First) 


PULY 


Store Stack Pointer 


STS 


Store Index Register X 


STX 


Store Index Register Y 


STY 



Function 


Mnemonic 


Transfer Stack Pointer to X 


TSX 


Transfer Stack Pointer to Y 


TSY 


Transfer X to Stack Pointer 


TXS 


Transfer Y to Stack Pointer 


TYS 


Exchange D with X 


XGDX 


Exchange D with Y 


XGDY 



JUMPS/BRANCHES/PROGRAM-CONTROL INSTRUC- 
TIONS 

These instructions provide techniques for modifying 
the normal sequence of the program for conditional and 
unconditional branching. Refer to the following list for 
the jump/branch/program-control instructions. 



— Continued — 



Function 


Mnemonic 


Branch if Carry Clear 


BCC 


(Branch if Higher or Same) 


(BHS) 


Branch if Carry Set 


BCS 


(Branch if Lower) 


(BLO) 


Branch if = zero 


BEQ 


Branch ifs=zero 


BGE 


Branch if)zero 


BGT 


Branch if Higher 


BHI 


Branch ifsZero 


BLE 


Branch if Lower or Same 


BLS 


Branch if<Zero 


BLT 


Branch if Minus 


BMI 


Branch if not = Zero 


BNE 


Branch if Plus 


BPL 


Branch Always 


BRA 


Branch if Bit(s) Clear 


BRCLR 


Branch Never 


BRN 


Branch if Bit(s) Set 


BRSET 


Branch to Subroutine 


BSR 


Branch if Overflow Clear 


BVC 


Branch if Overflow Set 


BVS 


Jump 


JMP 


Jump to Subroutine 


JSR 


No Operation 


NOP 


Return from Interrupt 


RTI 


Return from Subroutine 


RTS 


Stop Internal Clocks 


STOP 


Software Interrupt 


SWI 


Test Operation (Test Mode Only) 


TEST 


Wait for Interrupt 


WAI 
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BIT-MANIPULATION INSTRUCTIONS 

The MCU is capable of setting or clearing any bit re- 
siding in the first 256 bytes of the memory space in direct 
address mode. The MCU can use any bit in the 64K mem- 
ory map, and all bit-manipulation instructions can be used 
with direct or index (x or y) addressing modes. Software 
can configure the memory map so that internal RAM, 
and/or internal registers, or external memory space can 
occupy these addresses. The bit-manipulation instruc- 
tions use an 8-bit mask, which allows simultaneous op- 
erations on any combination of bits in a location. Refer 
to the following list for the bit-manipulation instructions. 




Function 


Mnemonic 


Clear Bit(s) 


BCRL 


Branch if Bit(s) Clear 


BRCRL 


Branch if Bit(s) Set 


BRSET 


Set Bit(s) 


BSET 


CONDITION-CODE-REGISTER INSTRUCTIONS 


These instructions are register reference instructions 
and are used to control processor operation during 
program execution. Refer to the following list for the 
condition-code-register instructions. 


Function 


Mnemonic 


Clear Carry Bit 


CLC 


Clear Interrupt Mask 


CLI 


Clear Overflow Flag 


CLV 


Set Carry 


SEC 


Set Interrupt Mask 


SEI 


Set Overflow Flag 


SEV 


Transfer A to CC Register 


TAP 


Transfer CC Register to A 


TPA 



OPCODE MAP SUMMARY 

Table 6 is an opcode map for the instructions used on 
the MCU. 



ADDRESSING MODES 

The MCU uses six different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. Some instructions require an ad- 
ditional byte before the opcode to accommodate a mul- 
tipage opcode map; this byte is called a prebyte. 

The term "effective address" (EA) is used in describing 
the various addressing modes. Effective address is de- 
fined as the address from which the argument for an 
instruction is fetched or stored. The following paragraphs 
describe the different addressing modes. 

IMMEDIATE 

In the immediate addressing mode, the operand is con- 
tained in the byte immediately following the opcode. 



These are two, three, or four (if prebyte is required) byte 
instructions. 

DIRECT 

In the direct addressing mode, the least-significant byte 
of the operand address is contained in a single byte fol- 
lowing the opcode and the most-significant byte of an 
address is assumed to be $00. Direct addressing allows 
the user to directly address $0000 through $00FF using 
two-byte instructions, and execution time is reduced by 
eliminating the additional memory access. In most ap- 
plications, this 256-byte area is reserved for frequently 
referenced data. In the MCU, software can configure the 
memory map so that internal RAM, and/or internal reg- 
isters, or external memory space can occupy these ad- 
dresses. 

EXTENDED 

In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. These are three or four (if prebyte is 
required) byte instructions: one or two for the opcode 
and two for the effective address. 

INDEXED 

In the indexed addressing mode, one of the index reg- 
isters (X or Y) is used in calculating the effective address. 
In this case, the effective address is variable and depends 
on two factors: 1) the current contents of the index reg- 
ister (X or Y) being used, and 2) the 8-bit unsigned offset 
contained in the instruction. This addressing mode al- 
lows referencing any memory location in the 64K byte 
address space. These are usually two or three (if prebyte 
is required) byte instructions, the opcode plus the 8-bit 
offset. 

RELATIVE 

The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8- 
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. These 
are usually two-byte instructions. 

INHERENT 

In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in- 
structions are one- or two-byte instructions. 

PREBYTE 

To expand the number of instructions used in the MCU, 
a prebyte instruction has been added to certain instruc- 
tions. The instructions affected are usually associated with 
index register Y. Accessing opcodes from page 2, 3, or 4 
would require a prebyte instruction. 
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INH Inherenl 

REL Relative 

IMM Immediate 

EXT Extended 

DIR Direct 

INDX(Y) Index X(Y) 



Mnemonic 


Page 


Opcode 
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Cycles 
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ELECTRICAL SPECIFICATIONS 

MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


vdd 


-0.3 to +7.0 


V 


Input Voltage 


V,n 


-0.3 to +7.0 


V 


Operating Temperature Range 
MC68HC11E9 
MC68HC11E9V 
MC68HC11E9M 


T A 


TL to T(-| 
-40 to 85 
-40 to 105 
-40 to 125 


°c 


Storage Temperature Range 


T stq 


-55 to 150 


°c 


Current Drain per Pin* 
Excluding Vqd- Vss. Vrh, and Vrl 


id 


25 


mA 


*One pin at a time, observing maximum power dissipation limits. 
THERMAL CHARACTERISTICS 


Characteristic 


Symbol 


Value 


Unit 


Thermal Resistance 
Plastic 52-Pin Quad Pack (PLCC) 


0JA 


50 


°C/W 



This device contains circuitry to protect the in- 
puts against damage due to high static voltages 
or electric fields; however, it is advised that nor- 
mal precautions be taken to avoid application of 
any voltage higher than maximum-rated volt- 
ages to this high-impedance circuit. Reliability 
of operation is enhanced if unused inputs are 
tied to an appropriate logic voltage level (e.g , 
either GND or Vqq) 



POWER CONSIDERATIONS 

The average chip-junction temperature, Tj, in °C can 
be obtained from: 

Tj = T A + (PD-ejA) (D 

where: 

Ta = Ambient Temperature, °C 

6j A = Package Thermal Resistance, Junction-to- 

Ambient, °C/W 
PD =P|NT+P|/0 

PINT = IDD x v DD- Watts — Chip Internal Power 
P|/0 = Power Dissipation on Input and Output Pins, 
Watts — User Determined 



For most applications P|/o<P|NT an d can be neglected 
The following is an approximate relationship between 

Pq and Tj (if P|/o is neglected): 

PD = K-(Tj + 273-C) 2- 

Solving equations (1) and (2) for K gives' 

K = PD'(T A + 273°C) + I)ja-Pd 2 i3- 
where K is a constant pertaining to the particular part K 
can be determined from equation (3) by measuring Pq 
(at equilibrium) for a known Ta- Using this value of K, 
the values of Pp and Tj can be obtained by solving equa- 
tions (1) and (2) iteratively for any value of Ta- 
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DC ELECTRICAL CHARACTERISTICS (Vdd = 5 0 Vdc± 10%, Vss = 0 Vdc, Ta = Tl to Th, unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Output Voltage All Outputs 
'Load =±10.0 jjlA (see Note 1 ) All Outputs Except RESET and MODA 


vol 

VOH 


vdd-o.i 


0.1 


V 


Output High Voltage All Outputs Except RESET, 
lLoad= -0.8 mA, V DD = 4.5 V (see Note 1) XTAL, and MODA 


V 0 H 


v D d -o.8 


- 


V 


Output Low Voltage All Outputs Except XTAL 
lLoad = 1.6 mA 


vol 


— 


0.4 


V 


Input High Voltage All Inputs Except RESET 

RESET 


V|H 


0.7 x v D D 
o.8 x vdd 


vdd 
vdd 


V 


Input Low Voltage All Inputs 


V|L 


vss 


o.2 x v D d 


V 


I/O Ports, Three-State Leakage PA3, PA7, PC0-PC7, PD0-PD5, 
V m = V| H or V| L AS/STRA, MODA/LIR, RESET 


•oz 




±10 


,iA 


Input Current (see Note 2) 
Vin = Vdd °r Vss PA0-PA3, IRQ, XIRQ 
V m = VDD or V S S MODB/VsTBY 


■in 




±i 

±10 


\lA 


RAM Standby Voltage Powerdown 


Vcn 


4.0 


Vnn 


v 


RAM Standby Current Powerdown 


>SB 




20 


H-A 


Total Supply Current (see Note 3) 
RUN: 
Single Chip 
Expanded Multiplexed 
WAIT: 

All Peripheral Functions Shut Down 
Single-Chip Mode 
Expanded Multiplexed Mode 

STOP: 

No Clocks, Single-Chip Mode 


Idd 

W|DD 
S|DD 




15 
27 

6 
10 

100 


mA 
mA 

mA 
mA 

IxA 


Input Capacitance PA0-PA3, PE0-PE7, IRQ, XIRQ, EXTAL 
PA7, PC0-PC7, PD0-PD5, AS/STRA, MODA/LIR, RESET 


Qn 




8 
12 


pF 


Power Dissipation Single-Chip Mode 

Expanded-Multiplexed Mode 


PD 




85 
150 


mW 



NOTES: 

1. Voh specification for RESET and MODA is not applicable because they are open-drain pins. Voh specification not applicable to 
ports C and D in wire-OR mode. 

2. See A/D specification for leakage current for port E. 

3. All ports configured as inputs, 

V| L =s0.2 V, 
Vih^Vdd -0.2 V, 
No dc loads, 

EXTAL is driven with a square wave, and 
'eye = 476.5 ns. 



MOTOROLA MICROPROCESSOR DATA 



11 coo 



MC68HC11E9 



TEST 
POINT 



T 

T 



Equivalent T»st Load 1 



Pint 


R1 


R2 


C1 


PA3-PA7 
PB0-PB7 
PC0-PC7 
PDO, PD5 
E, AS. R/W 


3.26K 


2.38K 


90pF 


PD1-PD4 


3 26K 


2 38K 


200pF 



CLOCKS, 
STROBES 



V DD 



~ \ 04 Volts 



INPUTS 



0 4 Volts ; ■ 



I ■ Vqq - 0 8 Volts 
•— NOM.-» 

— 70% ol 1 

f — 20% oP 



-NOMINAL TIMING - 



V DD" 



OUTPUTS 



v ss- 



D.C. TESTING 



V DD -08 Volts 
Volts 



DO 



DD 



CLOCKS, 
STROBES 



V DD 



\ .2oy.oP 



INPUTS 



DD 



20%ofV 



DDj- 



^■70%olV [: 



-SPEC - 



'DD" 



-SPEC -M (SEE NOTE 2) 
■ V DD - 0 8 Volts 



-SPEC TIMING - 



DD" 



OUTPUTS 



V SS" 



> - 'Pi 
1 — 04 



Volts 



V = 70% ol 
/ ;20%ol 



V 0 D 
VDD. 



A.C. TESTING 



NOTES: 

1. Full test loads are applied during all ac electrical test and ac timing measurements. 

2. During ac timing measurements, inputs are driven to 0.4 volts and Vrjrj - 0 8 volts while timing measurements are taken at the 
20% and 70% of Vqd points. 



Figure 8. Test Methods 
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CONTROL TIMING (V D d = 5.0 Vdc±10%, V S s = 0 Vdc, T A = T L to T H ) 



Characteristic 


Symbol 


1.0 MHz 


2.0 MHz 


2.1 MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


Frequency of Operation 


fo 


dc 


1.0 


dc 


2.0 


dc 


2.1 


MHz 


E Clock Period 


tcyc 


1000 




500 




476 




ns 


Crystal Frequency 


fYTAI 
1 A 1 ML 




4.0 




8.0 




8.4 


MHz 


External Oscillator Frequency 


4f 0 


dc 


4.0 


dc 


8.0 


dc 


8.4 


MHz 


Processor Control Setup tpcs = 1/4 t cyc - 50 ns 
Time (See Figures 10, 12, and 13) 


tpcs 


200 




75 




69 




ns 


Reset Input Pulse Width (To Guarantee External 
(see Note 1) Reset Vector) 
and Figure 10) (Minimum Input Time; 

May be Preempted by 
Internal Reset) 


PWrstL 


8 
1 




- 


8 
1 




- 


8 
1 




- 


tcyc 


Mode Programming Setup Time 
(See Figure 10) 


tMPS 


2 




2 




2 




tcyc 


Mode Programming Hold Time 
(See Figure 10) 


tMPH 


0 




0 




0 




ns 


Interrupt Pulse Width, p W|RQ = t cyc + 20 ns 
IRQ Edge Sensitive Mode 
(See Figure 11 and 13) 


PW|RQ 


1020 




520 




496 




ns 


Wait Recovery Startup Time 
(See Figure 12) 


*WRS 




4 




4 




4 


tcyc 


Timer Pulse Width PWj||\/| = tcyc + 20 ns 
Input Capture, Pulse Accumulator Input 
(See Figure 9) 


PW T |M 


1020 




520 




496 




ns 



NOTES: 

1. RESET will be recognized during the first clock cycle it is held low. Internal circuitry then drives the pin low for four clock cycles, 
releases the pin, and samples the pin level two cycles later to determine the source of the interrupt. See RESETS, INTERRUPT, 
AND LOW-POWER MODES for details. 

2. All timing is shown with respect to 20% Vdd and 70% V DD unless otherwise noted. 



PAO - PA3 1 J 


! 5 

; i 


\ 






PAO - PA3 2 \ 
PA7 1 ' 3 / 


1 


'. s 

- PW TIM-* 

; t 








PA7 2,3 \ 





NOTES 

1 Rising edge sensitive input 

2 Falling edge sensitive input. 

3 Maximum pulse accumulator clocking rate is E frequency divided by 2. 



Figure 9. Timer Inputs Timing Diagram 



MOTOROLA MICROPROCESSOR DATA 



1 1CD1 



MC68HC11E9 



DD 



EXTAL 



|« 4064 t cyc — 

<pcs-*| h_ 



RESET 



f 



pwrstl- 



MODA, MODB 



'MPS" 



'MPH 




NOTE Refer to Table 9-7 for pin states during RESET 

Figure 10. POR External Reset Timing Diagram 



INTERNAL 
CLOCKS 



I RQ, 
XIRQ 



JUl 



AnnRF<;<; 4 ST0P V ST0P 
«uuntaa address A ADDRESS,! 



^ ~°R ryTTTT~ 



Resume program with instruction which follows the STOP instruction 



5 STOP V STO p 

ADDRESS adoressA aodress.1 



ADDRESS<1 XffiXsP SP,X SP-8 SP-8 YgYff™ Y »™ 



NOTES: 

1. Edge sensitive IRQ pin (IRQE bit = 1 ) 

2. Level sensitive IRQ pin (IRQE bit = 0) 

3 !SXOPDELAY = 4064 t cyc if DLY bit = 1 or 4 t cyc if DLY = 0 

4. XIQ wit h X b it in CCR = 1. 

5. IRQ or (XIRQ with X bit in CCR = 0. 



IRQ VECTOR 
(XIRQ VECTOR) 



Figure 11. Stop Recovery Timing Diagram 
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IRQ, XIRQ, 
OR INTERNAL 
INTERRUPTS 



PCS"*] 



\ 



•WRS" 



ADDRESS 



PCL PCH YL, YH. XL XH. A. B. CC 



R/W 



TV 



STACK REGISTERS 



f 



NOTES 

1 Refer t o Table 9-7 for pin states during WAIT 

2 RESET will also cause recovery from WAIT 



Figure 12. WAIT Recovery from Interrupt Timing Diagram 




• LAST CYCLE OF AN INSTRUCTION 



L^^^Lj^~Lj^^ru~LjTJ^LrLJi 



-i 



*■ 'PCS 



IRQ , XIRQ, A 
OR INTERNAL \ 
INTERRUPTS \ 



-PWirqh. 



«jL_n_fi 



NEW 
PC 



DATA 



R/W 



NOTES 

1 Edge sensitive IRQ pin (IRQE bit = 1) 

2 Level sensitive IRQ pin (IRQE bit = 0) 



Figure 13. Interrupt Timing Diagram 
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PERIPHERAL PORT TIMING (V D d = 5.0 Vdc±10%, Vss = 0 Vdc, T A = T L to T H ) 



Characteristic 


Symbol 


1.0 MHz 


2.0 MHz 


2.1 MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


Frequency of Operation (E Clock Frequency) 


*o 


1.0 


1.0 


2.0 


2.0 


2.1 


2.1 


MHz 


E Clock Period 


tcyc 


I uuu 




ouu 




476 




ns 


Peripheral Data Setup Time 
(MCU Read of Ports A, C, D, and E) 
(See Figure 15) 


tPDSU 


100 


- 


100 


- 


100 


- 


ns 


Peripheral Data Hold Time 
(MCU Read of Ports A, C, D, and E) 
(See Figure 15) 


tPDH 














ns 


Delay Time, Peripheral Data Write 
(See Figures 14, 16, 18, and 19) 
MCU Write to Port A 
MCU Writes to Ports B, C, and D 
tPWD = 1/4 t C y C + 90 ns 


tPWD 


- 


150 
340 




150 
215 


- 


150 
209 


ns 


Input Data Setup Time (Port C) 
(See Figures 17 and 18) 


t|S 


60 




60 




60 




ns 


Input Data Hold Time (Port C) 
(Sgo Figures 17 and 18) 


t|H 


100 




100 




100 




ns 


Delay Time, E Fall to STRB 

tnen = 1/4 t«..«4- inn nQ 

i Ubb l/H l cyc x luu Il5> 

(See Figure 16, 18, 19, and 20) 


tDEB 




350 




225 




219 


ns 


Setup Time, STRA Asserted to E Fall (see Note 1) 
(See Figures 18, 19, 20) 


tAES 


0 




0 




0 




ns 


Delay Time, STRA Asserted to Port C Data Output Valid 
(See Figure 20) 


tPCD 




100 




100 




100 


ns 


Hold Time, STRA Negated to Port C Data 
(See Figure 20) 


tPCH 


10 




10 




10 




ns 


Three-State Hold Time 
(See Figure 20) 


tpcz 




150 




150 




150 


ns 



NOTES: 

1. If this setup time is met, STRB will acknowledge in the next cycle. If it is not met, the response may be delayed one more cycle 

2. Port C and D timing is valid for active drive (CWOM and DWOM bits not set in PIOC and SPCR registers respectively). 

3. All timing is shown with respect to 20% Vqd and 70% Vqd unless otherwise noted. 
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PORTS 

a r 1 n 



PORT E 



MCU WRITE TO PORT • 



\ r M / 



PORTS 

g C D PREVIOUS PORT DATA 



mm : 



NEW DATA VALID 





— 'PWD " 




PREVIOUS PORT DATA 


mm 


NEW DATA VALID 



Figure 14. Port Write Timing Diagram 



MCU READ OF PORT- 



\ t \ / 



<*■ "PDSU"* 



«- lpnu-» 



«- ' pnw -» 



N0TE1 For non-latched operation of Port C 

Figure 15. Port Read Timing Diagram 



MCU WRITE TO PORT B 



\ / V_ / 



r — 'pwd — ■ 



PORT B PREVIOUS PORT DATA 



NEW DATA VALID 



•deb- 



STRB (OUT) 



Figure 16. Simple Output Strobe Timing Diagram 



MOTOROLA MICROPROCESSOR DATA 



MC68HC11E9 



STRA (IN) 



PORT C (IN) 



Figure 17. Simple Input Strobe Timing Diagram 



READY 



STRB (OUT) 



STRA (IN) 



*■ lie -• 



PORT C (IN) ■ 



|« READ PORTCL 1 »| 



-'deb- 

jr 



\ 



NOTES: 

1. After reading PIOC with STAF set. 

2. Figure shows rising edge STRA (EGA = 1) and high true STRB (INVB= 1). 

Figure 18. Port C Input Handshake Timing Diagram 



- WRITE PORTCL' 



■PWD" 



PORTC 
(OUT) 



•-'deb-) 



STRB (OUT) 



"READY' 



STRA (IN) 



•-'deb-* 



\ 



NOTES. 

1 After reading PIOC with STAF set 

2. Figure shows rising edge STRA (EGA= 1) and high true STRB (INVB = 1) 



Figure 19. Port C Output Handshake Timing Diagram 
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|« — WRITE PORTCL 1 »| 



PORT C (OUT) 
(DDR-1) 



STRB (OUT) 



STRA (IN) 



PORT C (OUT) 
(DDR-1) 



^aXX>; VALID DATA 



•-'deb-* 



■ a) STRA ACTIVE BEFORE PORTCL WRITE 



STRA (IN) 



PORT C (OUT) 
(DDR-1) 



'PCD' 



^•-'aes-* 



/ 



VALID DATA 



•-'deb-* 



'pcz-* 



m 



'pcz-* 



b) STRA ACTIVE AFTER PORTCL WRITE 



NOTES 

1. After reading PIOC with STAF set 

2 Figure shows rising edge STRA (EGA = 1) and high true STRB (INVB = 1). 



Figure 20. Three-State Variation of Output Handshake Timing Diagram 
(STRA Enables Output Buffer) 
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A/D CONVERTER CHARACTERISTICS (V D d = 5.0 Vdc±10%, Vss = 0 Vdc, T A =T L to T H , 750 kHz sEs 2.1 MHz, 
unless otherwise noted) 



Characteristic 


Parameter 


Min 


Absolute 


Max 


Unit 


Resolution 


Number of Bits Resolved by the A/D 


8 




— 


Bits 


Non-Linearity 


Maximum Deviation from the Ideal A/D Transfer 
Characteristics 






±1/2 


LSB 


Zero Error 


Difference Between the Output of an Ideal and an Actual 
A/D for Zero Input Voltage 






±1/2 


LSB 


Full-Scale Error 


Difference Between the Output of an Ideal and an Actual 
A/D for Full-Scale Input Voltage 




— 


± 1/2 


LSB 


Total Unadjusted Error 


Maximum Sum of Non-Linearity, Zero Error, and 
Full-Scale Error 






± 1/2 


LSB 


Quantization Error 


Uncertainty Due to Converter Resolution 






±12 


LSB 


Absolute Accuracy 


Difference Between the Actual Input Voltage and the 
Full-Scale Weighted Equivalent of the Binary Output 
Code, All Error Sources Included 


- 


- 


±1 


LSB 


Conversion Range 


Analog Input Voltage Range 


vrl 


' - 


vrh 


V 


Vrh 


Maximum Analog Reference Voltage (see Note 2) 


vrl 


— 


Vdd + o.1 


V 


Vrl 


Minimum Analog Reference Voltage (see Note 2) 


V SS -0.1 


— 


vrh 


V 


AVr 


Minimum Difference between Vrh and Vrl (see Note 2) 


3 






V 


Conversion Time 


Total Time to Perform a Single Analog-to-Digital 
Conversion: 

a. E Clock 

b. Internal RC Oscillator 


- 


32 


tcyc * 32 


tcyc 


Monotonicity 


Conversion Result Never Decreases with an Increase in 
Input Voltage and has no Missing Codes 




Guaranteed 






Zero-Input Reading 


Conversion Result when V m = VR|_ 


00 






Hex 


Full-Scale Reading 


Conversion Result when V m = VRH 






FF 


Hex 


Sample Acquisition 
Time 


Analog Input Acquisition Sampling Time: 

a. E Clock 

b. Internal RC Oscillator 




12 


12 


'eye 
us 


Sample/Hold 
Capacitance 


Input Capacitance during Sample PE0-PE7 




20 (Typ) 




pF 


Input Leakage 


Input Leakage on A/D Pins PE0-PE7 

vrl Vrh 






400 
1 0 


nA 



NOTES: 

1. Source impedances greater than 10 Kfl will adversely affect accuracy, due mainly to input leakage. 

2. Performance verified down to 2.5 V AVr, but accuracy is tested and guaranteed at AVr = 5 V± 10% 



MOTOROLA MICROPROCESSOR DATA 
3-1598 



MC68HC11E9 



EXPANSION BUS TIMING (V DD = 5.0 Vdc±10%, V S s = 0 Vdc, T A =T L to T H , see Figure 21) 











1.0 MHz 


2.0 MHz 


2.1 MHz 




Num. 


Characteristic 




Symbol 


Min 


Max 


Min 


Max 


Min 


Max 


Unit 




Frequency of Operation (E Clock Frequency) 


fo 


1.0 


1.0 


2.0 


2.0 


2.1 


2.1 


MHz 


1 


Cycle Time 




1000 




500 





476 


_ 


ns 


2 


Pulse Width, E Low 
PWel=1/2 t cyc -23 ns 


PW E L 


477 




227 


_ 


215 


_ 


ns 


3 


Pulse Width, E High 
PW EH = 1/2 t cvc -28 ns 


pweh 


472 




222 




210 




ns 


4 


E and AS Rise and Fall Time 


tr, tf 




20 




20 




20 


ns 


9 


Address Hold Time 
t A H = 1/8 t cyc -29 5 ns 


see Note 1(a) 


l AH 


95 5 


- 


33 


- 


30 


- 


ns 


12 


Non-Muxed Address Valid Time to E Rise 
tAV = PWel - (tASD + 80 ns) see Note 1 (b) 


l AV 


281.5 


- 


94 


- 


85 


- 


ns 


17 


Read Data Setup Time 


tDSR 


30 


- 


30 


- 


30 


- 


ns 


18 


Read Data Hold Time (Max = t|\/|AD) 


tDHR 


10 


145.5 


10 


83 


10 


80 


ns 


19 


Write Data Delay Time 
t DDW= 1/8 t cyc + 65 5 ns 


see Note 1(a) 


tDDW 




190.5 




128 




125 


ns 


21 


Write Data Hold Time 
tDHW= 1/8 tcyc-29 5 ns 


see Note 1(a) 


tDHW 


95 5 


— 


33 


— 


30 


— 


ns 


22 


Muxed Address Valid Time to E Rise 
t AVM = pw EL-( t ASD + 90 ns ) see Note Kb) 


tAVM 


271.5 


— 


84 


— 


75 


— 


ns 


24 


Muxed Address Valid Time to AS Fall 
t AS L = PW AS H-70 ns 


tASL 


151 


— 


26 


— 


20 


— 


ns 


25 


Muxed Address Hold Time 
t A HL= 1/8 t CYC - 29.5 ns 


see Note 1(b) 


tAHL 


95.5 


— 


33 


— 


30 


— 


ns 


26 


Delay Time, E to AS Rise 
tASD = 1/8 t cyc -9.5 ns 


see Note 1(a) 


tASD 


115.5 


- 


53 


- 


50 


- 


ns 


27 


Pulse Width, AS High 
PW A SH = 1/4t CV c-29 ns 


pwash 


221 




96 




90 




ns 


28 


Delay Time, AS to E Rise 
tASED=1/8 t C y C -9-5 ns 


see Note Kb) 


tASED 


1155 




53 




50 




ns 


29 


MPU Address Access Time see note 1(b) 
tACCA = tAVM + t r + P W EH - tDSR 


tACCA 


733.5 




296 




275 




ns 


35 


MPU Access Time 
tACCE = PWEH-tDSR 


tACCE 




442 




192 




180 


ns 


36 


Muxed Address Delay 
(Previous Cycle MPU Read) 
tMAD = tASD + 30 ns 


see Note 1(a) 


tMAD 


145.5 




83 




80 




ns 



NOTES. 

1 Input clocks with duty cycles other than 50% will affect bus performance. Timing parameters affected by input clock duty cycle 
are identified by (a) and (b). To recalculate the approximate bus timing values, substitute the following expressions in place of 
1/8 t C y C in the above formulas where applicable: 

(a) (1-DC)x1/4t cyc 

(b) DCx1/4t cyc 
Where: 

DC is the decimal value of duty cycle percentage (high time) 

2 All timing is shown with respect to 20% Vqq and 70% Vqd unless otherwise noted. 
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SERIAL PERIPHERAL INTERFACE (SPI) TIMING (V DD = 5.0 Vdc±10%, Vss = 0 Vdc, Ta = T l to T H , see Figure 22) 



Num. 


Characteristic 


Symbol 


Min 


Max 


Unit 




Operating Frequency 
Master 
Slave 


fop(m) 
f op(s) 


dc 
dc 


0.5 
2 1 


fop 
MHz 


1 


Cycle Time 
Master 
Slave 


tcyc(m) 
tcyc(s) 


20 
480 


- 


l cyc 
ns 


2 


Enable Lead Time 
Master 
Slave 


t|ead(m) 
tlead(s) 


240 


- 


ns 
ns 


3 


Enable Lag Time 
Master 
Slave 


t|ag(m) 
tlaq(s) 


240 


- 


ns 
ns 


4 


Clock (SCK) High Time 
Master 
Slave 


tw(SCKH)m 
tw(SCKH)s 


340 
190 


- 


ns 
ns 


5 


Clock (SCK) Low Time 
Master 
Slave 


tw(SCKL)m 
tw(SCKL)s 


340 
190 


- 


ns 
ns 


6 


Data Setup Time (Inputs) 
Master 
Slave 


tsu(m) 
l su(s) 


100 
1 00 


- 


ns 


7 


Datp HnlH Timo llnnntcl 
udio nuiu iiiiic yuipuio/ 

Master 
Slave 


th(m) 
this) 


100 
100 


- 


ns 
ns 


8 


Access Time (Time to Data Active from High-Impedance State) 
Slave 


ta 


0 


120 


ns 


9 


Disable Time (Hold Time to High-Impedance State) 
Slave 


tdis 


- 


240 


ns 


10 


Data Valid (After Enable Edge)** 


tv(s) 




240 


ns 


11 


Data Hold Time (Outputs) (After Enable Edge) 


tho 


0 




ns 


12 


Rise Time (20% Vdd to 70% Vdd. C|_ = 200 pF) 
SPI Outputs (SCK, MOSI, and MISO) 
SPI Inputs (SCK, MOSI, MISO, and SS) 


trm 
trs 




100 
2 0 


ns 

|iS 


13 


Fall Time (70% Vdd to 20% V DD , C|_ = 200 pF) 
SPI Outputs (SCK, MOSI, and MISO) 
SPI Inputs (SCK, MOSI, MISO, and SS) 


tfm 
tfs 




100 
2.0 


ns 

(IS 



'Signal production depends on software. 
**Assumes 200 pF load on all SPI pins. 
NOTE: 

1. All timing is shown with respect to 20% Vdd and 70% V DD- unless otherwise noted 
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EEPROM CHARACTERISTICS (V DD = 5.0 Vdc± 10%, Vss = 0 Vdc, T a =Tl to T H ) 



Characteristic 


Temperature Range 


Unit 


-40 to 85°C 


-40 to 105X 


-40 to 125°C 


Programming Time Under 1.0 MHz with RC Oscillator Enabled 
(see Note 1) 1.0 to 2.0 MHz with RC Oscillator Disabled 
2.0 MHz (or Anytime RC Oscillator Enabled) 


10 
20 
10 


15 

Must Use RC 
15 


20 

Must Use RC 
20 


ms 


Erase Time (see Note 1) Byte, Row, and Bulk 


10 


10 


10 


ms 


Write/Erase Endurance (see Note 2) 


10,000 


10,000 


10,000 


Cycles 


Data Retention (see Note 2) 


10 


10 


10 


Years 



NOTES: 

1 . The RC oscillator must be enabled (by setting the CSEL bit in the OPTION register) for EEPROM programming and erasure when 
the E-clock frequency is below 1.0 MHz. 

2. See current quarterly Reliability Monitor report for current failure rate information. 



\ 



R/W. ADDRESS 
(NON-MUX) 



ADDRESS/DATA 
(MULTIPLEXED) 



AS 



WRITE 



— @- 



-<§>- 



-©- 



-®- 



\ 



32 



-©- 



]0 



r 



NOTE- Measurement points shown are 20% and 70% Vqd 

Figure 21. Expansion Bus Timing Diagram 
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(INPUT) 



55" Is Held High on Master 



SCKfCPOUO) SEE > 
(OUTPUT) NOTE 



SCKi 
(OUTP 



MISO 
(INPUT) 



MOSI 
(OUTPUT) 



HS) A h® 



X 



^ MSB IN ^ 



BITS -; 1 > 



MASTER MSB OUT 



^ isBiN y 



X 



BIT6 1 

\ — 



X 



MASTER LSB OUT 



NOTE: This first dock edge a generated internally but is not seen at th« SCK pin. 

a) SPI MASTER TIMING (CPHA = 0) 



55 

(INPUT) 



SCK (CPOL-0) 
(OUTPUT) 



55" is Held High on Master 



sck (cpa-i) 

(OUTPUT) 



MISO 
(INPUT) 



MOSI 
(OUTPUT) 



©A h - ©A h~ 



MSB IN ~\ 



MASTER MSB OUT 



X 



LSB IN f- 



SEE 
NOTE 



SEE 
vNOTE 



BIT6----1 

— s— 



X 



MASTER LSB OUT 



NOTE: This last dock edge is generated internally but is not saan at the SCK pin. 

b) SPI MASTER TIMING (CPHA = 1) 



Figure 22. SPI Timing Diagrams (Sheet 1 of 2) 
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55 

(INPUT) 



SCK (CPOL-0) 
(INPUT) 



SCK (CPOL-1) 
(INPUT) 



MISO 

(OUTPUT)" 



h® 



-<D- 



MOSI 
(INPUT) 



MSB OUT 



MSB IN 



-® 

< 



BIT6----1 



-o- 



SLAVE LSB OUT 



X note! H 



BIT6----1 

V 



} — ( lsbin y 



NOTE' Not defi ned but normally MSB of character just received. 

c) SPI SLAVE TIMING (CPHA = 0) 



55 

(INPUT) 



SCK (CPOL-0) 
(INPUT) 



SCK (CPOL-1) 
(INPUT) 



h® 



MISO r SEE V SLAVE 

(OUTPUT) 5 : NOTE / : SUWt 



MSB OUT 



X 



BIT 6 1 



h® 



MOSI 
(INPUT) 



NOTE Not delined but normally LSB of character previously transmitted. 

d) SPI SLAVE TIMING (CPHA = 1) 



Jr 



H h© H h® 



-® (2> 



SLAVE LSB OUT 



> 



•^HHSH -I r® <2H r 

^ ! MSB IN ^ BIT6----J ^ ^ LSBIN ^ - 



Figure 22. SPI Timing Diagrams (Sheet 2 of 2) 
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MECHANICAL DATA 




ORDERING INFORMATION 

The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo- 
torola in the following media: 

MS-DOS/PC-DOS disk file (360K) 
EPROM(s): three 2532/2732 or two 2764 
To initiate a ROM pattern for the MCU, it is necessary 
to first contact the local field-service office, a sales per- 
son, or a Motorola representative. 

FLEXIBLE DISKS 

Several types of flexible disks (MS-DOS®/PC-DOS disk 
file), programmed with the customer's program (positive 
logic sense for address and data), may be submitted for 
pattern generation. In either case, the diskette should be 
clearly labeled with the customer's name, date, project 
or product name, and the name of the file containing the 
pattern. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 

MS-DOS is Microsoft's Disk Operating System. PC-DOS 
is IBM® Personal Computer Disk Operating System. Disk 
media submitted must be a standard density (360K), dou- 
ble-sided 5 1/4-inch compatible floppy diskette. The dis- 
kette must contain object file code in Motorola's S-record 
format. The S-record format is a character-based object 
file format generated by M68HC1 1 cross assemblers and 
linkers on IBM PC-style machines. 

EPROMs 

Three 2532/2732 or two 2764 type EPROM(s), pro- 
grammed with the customer's program (positive logic 
sense for address and data), may be submitted for pattern 
generation. EPROMs must be clearly marked to indicate 
which EPROM corresponds to which address space. Fig- 
ure 23 illustrates the markings for the three 2532/2732 
EPROMs required to contain the customer's program. 

All unused bytes, including the user's space, must be 
set to zero. For shipment to Motorola, EPROMs should 
be placed in a conductive IC carrier and packed securely. 
Styrofoam is not acceptable for shipment. 




xxx = Customer ID 
Figure 23. EPROM Marking 

VERIFICATION MEDIA 

All original pattern media (EPROMs or floppy disks) are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked, and the verification form 
should be completed, signed, and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for creation of the customer mask. To aid in 
the verification process, Motorola will program customer 
supplied blank EPROM(s) or DOS disks from the data file 
used to create the custom mask. 

ROM VERIFICATION UNITS (RVUs) 

Ten MCUs containing the customer's ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask, but are for the pur- 
pose of ROM verification only. For expediency, the MCUs 
are unmarked, packaged in ceramic, and tested with five 
volts at room temperature. These RVUs are free with the 
minimum-order quantity, but are not production parts. 
These RVUs are not guaranteed by Motorola Quality As- 
surance. 

ORDERING INFORMATION 

The following table provides ordering information 
pertaining to the package type, temperature, and MC part 
numbers for the MC68HC1 1 series HCMOS microcontroller 
devices. 



Package Type 


Temperature 


CONFIG 


Description 


MC Part Number 


PLCC 


-40° to +85°C 


$0F 


BUFFALO ROM 


MC68HC11E9FN 


(FN Suffix) 


-40 to +105°C 


$0F 


BUFFALO ROM 


MC68HC11E9VFN1 




-40 to +125°C 


$0F 


BUFFALO ROM 


MC68HC11E9MFN1 




-40 to + 85°C 


SOD 


No ROM 


MC68HC11E1FN 




-40 to +105°C 


SOD 


No ROM 


MC68HC1 1E1VFN 




-40 to +125X 


$0D 


No ROM 


MC68HC11E1MFN 




-40 to + 85"C 


$0C 


No ROM, No EEPROM 


MC68HC11E0FN 



MS-®DOS is a trademark of Microsoft, Inc. 

IBM is a registered trademark of International Business Machines Corporation. 
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PIN ASSIGNMENTS 



52-Lead Quad Package 



|| £ 

< CO 



7 6 5 4 3 2 O 52 51 50 49 48 47 



XTAL 
PCO C 
PCI C 
PC2 C 
PC3 
PC4 
PC5 
PC6 C 
PC 7 C 
RESET C 
XIRQ C 
IRQ C 
POO 



21 22 23 24 25 26 27 28 29 30 31 32 33 

uuuuuuuuuuuuu 



PE5 
PE1 

] PE4 

] PEO 

] PBO 

] PB1 

1 PB2 

] PB3 

] PB4 

D PB5 

] PB6 

] PB7 

] PAO 
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Product Preview 
8-Bit Microcontroller 

The MC68HC11F1 is an advanced 8-bit microcontroller unit (MCU) with highly sophisticated on- 
chip peripheral functions. The MC68HC1 1 F1 is a ROMIess version of the M68HC11 Family of micro- 
controllers with several enhancements. 

The following are some of the features of the MC68HC11F1: 

• HCMOS Technology 

• 1024 Bytes of Static RAM (All Saved during Standby) 

• 512 Bytes of EEPROM 

• Nonmultiplexed Bus for Higher Frequency Operation 

• 64K Memory Addressability 

• Four Programmable Chip Selects 

• Block Protect Mechanism for EEPROM and CONFIG 

• Enhanced 16-Bit Timer System 

Four Stage Programmable Prescaler, 

Three Input Capture/Four Output Compare Functions, or 

Four Input Capture/Four Output Compare Functions (Software Selectable) 

• 8-Bit Pulse Accumulator Circuit 

• Real-Time Interrupt Circuit 

• Enhanced NRZ Serial Communication Interface (SCI) 

• Serial Peripheral Interface (SPI) 

• Eight-Channel 8-Bit A/D Converter 

• Computer Operating Properly (COP) Watchdog Timer 

• 68-Pin PLCC Package 

• Up To Eight Additional I/O Pins from ROMIess 52-Pin Version 



This document contains informaion on a product under development Motorola reserves the right to change or discontinue this product without notice. 
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BLOCK DIAGRAM 
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Product Preview 

One Time Programmable ROM (OTPROM) or 
Standard Eraseabie Programmable Read-Only 
Memory (EPROM) Microcomputer 

The MC68HC711D3 Microcomputer (MCU) device is similar to the MC68HC11A8 with the follow- 
ing exceptions. The exceptions incorporate 4096 bytes of One Time Programmable Read-Only 
Memory (OTPROM) or Standard Eraseabie Programmable Read-Only Memory (EPROM), 192 bytes 
of RAM, and no A/D Converter (refer to the block diagram). 

The following are some of the hardware and software features of the MC68HC711D3. 

• HCMOS Technology 

• 4096 Bytes of User OTPROM 

• 192 Bytes of RAM 

• 256 Bytes of Bootstrap ROM 

• Enhanced 16-Bit Timer System: 

Four Stage Programmable Prescaler 
Three Input Capture Functions 
Three Output Compare Functions 

• 8-Bit Pulse Accumulator Circuit 

• Enhanced NRZ Serial Communications Interface (SCI) 

• Serial Peripheral Interface (SPI) 

• Real Time Interrupt Circuit 

• Computer Operating Properly (COP) Watchdog Timer 

• Enhanced M6800/M6801 Instruction Set 

• 16x16 Integer and Fractional Divide Features 

• Bit Manipulation 

• WAIT Mode 

• STOP Mode 

• Expansion Mode Addressable to 64K 

• 40-Pin DIP, 44-Pin PLCC (OTPROM) Package 

• 40-Pin DIP (EPROM Window) Package 



This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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BLOCK DIAGRAM 
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Technical Summary 
8-Bit Microcontroller 

The MC68HC811E2 high density CMOS (HCMOS) microcontroller unit (MCU) contains highly so- 
phisticated on-chip peripheral capabilities. This high-speed and low-power MCU has a nominal bus 
speed of two megahertz, and the fully static design allows operations at frequencies down to dc. 
This publication contains condensed information on the MCU; for detailed information, refer to Ad- 
vance Information Manual, HCMOS Single-Chip Microcontroller (MC68HC1 1 A8/D), M68HC11 HCMOS 
Single-Chip Microcontroller Programmer's Reference Manual (M68HC11RM/AD) or contact your lo- 
cal Motorola sales office. 

Refer to the block diagram for the hardware features and to the list below for additional features 
available on the MCU. 

• Enhanced 16-Bit Timer System with Four-Stage Programmable Prescaler 

• Power Saving STOP and WAIT Modes 

• Serial Peripheral Interface (SPI) 

• Enhanced NRZ Serial Communications Interface (SCI) 

• 8-Bit Pulse Accumulator Circuit 

• Bit Test and Branch Instructions 

• Real-Time Interrupt Circuit 

• 2K Bytes of EEPROM 

• 256 Bytes of Static RAM 

• Eight-Channel 8-Bit A'D Converter 
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This document contains information on a new product Specifications and information herein are subject to change without notice. 
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OPERATING MODES 

The MCU uses two dedicated pins (MODA and MODB) 
to select one of two basic operating modes or one of two 
special operating modes. The basic operating modes are 
single-chip and expanded-multiplexed; the special op- 
erating modes are bootstrap and special test. The follow- 
ing paragrphs describe the different modes. 

SINGLE-CHIP MODE (MODEO) 

In this mode, the MCU functions as a self-contained 
microcontroller and has no external address or data bus. 
This mode provides maximum use of the pins for on- 
chip peripheral functions, and all address and data activ- 
ity occur within the MCU. 

EXPANDED MULTIPLEXED MODE (MODE1) 

In this mode, the MCU can address up to 64K bytes of 
address space. Higher-order address bits are output on 
the port B pins, and lower-order address bits and the data 
bus are mutliplexed on the port C pins. The AS pin pro- 
vides the control output used in_demultiplexing the low- 
order address at port C. The R/W pin is used to control 
the direction of data transfer on port C bus. 

BOOTSTRAP MODE 

In this mode, all vectors are fetched from the 192-byte 
on-chip bootloader ROM. This mode is very versatile and 
can be used for such functions as test and diagnostics 
on completed modules and for programming the 
EEPROM. The serial receive logic is initialized by software 
in the bootloader ROM, which provides program control 
for the serial communications interface (SCI) baud and 
word format. In this mode, a special control bit is con- 
figured that allows for self-testing of the MCU. This mode 
can be changed to other modes under program control. 

TEST MODE 

This mode is primarily intended for mam production 
at time of manufacture; however, it may be used to pro- 
gram calibration or personality data into the internal EE- 
PROM. In this mode, a special control bit is configured 
to permit access to a number of special test control bits. 
This mode can be changed to other modes under pro- 
gram control. 



SIGNAL DESCRIPTION 

V DD AND Vss 

Power is supplied to the microcontroller using these 
two pins. Vqd is +5 volts (±0.5V) power, and Vss IS 
ground. 



RESET 

This active low bidirectional control pin is used as an 
input to initialize the MCU to a known startup state and 
as an open-drain output to indicate that an internal failure 
has been detected in either the clock monitor or the com- 
puter operating properly (COP) circuit. 



XTAL, EXTAL 

These pins provide the interface for either a crystal or 
a CMOS-compatible clock to control the internal clock 
generator circuitry. The frequency applied shall be four 
times higher than the desired clock rate. Refer to Figure 
1 for crystal and clock connections. 

E 

This pin provides an output forthe internally generated 
E clock, which can be used for timing reference. The fre- 
quency of the E output is one-fourth that of the input 
frequency at the XTAL and EXTAL pins 

IRQ 

This pin provides the capability for asynchronously ap- 
plying interrupts to the MCU Either negative edge-sen- 
sitive or level-sensitive triggering is program selectable 
This pin is configured to level-sensitive during res et. A n 
external resistor connected to Vpp is required on IRQ 

XIRQ 

This pin provides the capability for asynchronously ap- 
plying non-maskable interrupts to the MCU after a power- 
on reset (POR). During reset, the X bit in the condition 
code register is set, and any interrupt is masked until 
enabled by software This input is level-sensitive and re- 
quires an extenal pullup resistor to VqD' 

MODA/OR AND MODB/V s tby 

During reset, these pins are used to control the two 
basic operating modes and the two special operating 
modes. The LIR output can be used as an aid in debug- 
ging once reset is completed. The open-dram LIR pin goes 
to an active low during the first E-clock cycle of each 
instruction and remains low for the duration of that cycle. 
The V s tby (voltage standby) is used to retain RAM con- 
tents during device powerdown. The mode selections are 
shown below. 



MODB 


MODA 


MODE SELECTED 


1 


0 


Single Chip 


1 


1 


Expanded Multiplexed 


0 


0 


Special Bootstrap 


0 


1 


Special Test 



Vrl and V RH 

These pins provide the reference voltage for the A/D 
converter. 

R/W/STRB 

This pin provides two different functions, depending 
on the operating mode. In single-chip mode, the pin pro- 
vides STRB (output strobe) function; in the expanded- 
multiplexed mode, it provides R/W (read-write) function. 
The R/W is used to control the direction of transfers on 
the external data bus. 
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"Includes all stray capacitances 

One Crystal Driving Two MCUs 



Figure 1. Oscillator Collections 



AS/STRA 

This pin provides two different functions depending on 
the operating mode. In single-chip mode, the pin pro- 
vides STRA (input strobe) function, and in the expanded- 
multiplexed mode, it provides AS (address strobe) func- 
tion. The AS may be used to demultiplex the address and 
data signals at port C. 

INPUT/OUTPUT LINES (PA0-PA7, PB0-PB7, PC0-PC7, 
PD0-PD5, PE0-PE7) 

These I/O lines are arranged into four 8-bit ports (A, B, 
C, and E) and one 6-bit port (D). All ports serve more than 
one purpose depending on the operating mode. Table 1 
lists a summary of the pin functions to operating modes. 
Refer to INPUT/OUTPUT PORTS for additional informa- 
tion. 



INPUT/OUTPUT PORTS 

Port functions are controlled by the particular mode 
selected. In the single-chip mode and bootstrap mode, 
four ports are configured as parallel I/O data ports and 
port E can be used for general-purpose static inputs and/ 
or analog-to-digital converter channel inputs. In the ex- 
pandedj-multiplexed mode and test mode, ports B, C, AS, 
and R/W are configured as a memory expansion bus. 



Table 1 lists the different port signals available. The fol- 
lowing paragraphs describe each port. 

PORTA 

In all operating modes, port A may be configured for 
four input capture functions and three output compare 
functions; four output compare functions and three input 
capture functions; and a pulse a accumulator input (PAI) 
or a fifth output compare function. Each input capture 
pin provides for a transitional input, which is used to latch 
a timer value into the 16-bit input capture register. Ex- 
ternal devices providethe transitional inputs, and internal 
decoders determine which input transition edge is sensed. 
The output compare pins provide an output whenever a 
match is made between the value in the free-running 
counter (in the timer system) and a value loaded into the 
particular 16-bit output compare register. When port A 
bit 7 is configured as a PAI, the external input pulses are 
applied to the pulse accumulator system. The remaining 
port A lines may be used as general-purpose input or 
output lines. 

PORT B 

In the single-chip mode, all port B pins are general- 
purpose output pins. Port B may also be used in a simple 
strobed output mode where the STRB pulses each time 
port B is written. In the expanded-multiplexed mode, all 
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Table 1. Port Signal Functions 
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B-4 


PB4 


A12 


B-5 


PB5 


A13 


B-6 


PB6 


A14 


B-7 


PB7 


A15 


C-0 


PCO 


AO/DO 


C-1 


PC1 


A1/D1 


P o 

u-z 


PPO 


A2/D2 


P *3 


PPT 


AO/Uo 


C-4 


PC4 


A4/D4 


C-5 


PC5 


A5/D5 


C-6 


PC6 


A6/D6 


C-7 


PC7 


A7/D7 


u-u 


rUU/nXU 


rUU/nXU 


D-1 


rU 1 / 1 XU 


rU M I XU 


D-2 


ruz/ ivi low 


rUt / IVIIOVJ 


D-3 


iL/O/ IVIUOl 


ruo/ iviuoi 


D-4 


PD4/SCK 


PD4/SCK 


D-5 


PD5/SS 


PD5SS 




STRA 


AS 




STRB 


R/W 


E-0 


PEO/ANO 


PEO/ANO 


E-1 


PE1/AN1 


PE1/AN1 


E-2 


PE3/AN2 


PE2/AN2 


E-3 


PE3/AN3 


PE3/AN3 


E-4 


PE4/AN4## 


PE4/AN4## 


E-5 


PE5/AN5## 


PE5/AN5## 


E-6 


PE6/AN6## 


PE6/AN6## 


E-7 


PE7/AN7## 


PE7/AN7## 



##Not Bonded in 48-Pin Versions 

of the port B pins act as high-order (bits 8-15) address 
output pins. 

PORTC 

In the single-chip mode, port C pins are general-pur- 
pose input/output pins. Port C inputs can be latched by 
the STRA or may be used in full handshake modes of 
parallel I/O where the STRA input and STRB output acts 
as handshake control lines. In the expanded-multiplexed 
mode, port C pins are configured as multiplexed address/ 
data pins. During the address cycle, bits 0 through 7 of 
the address are output on PC0-PC7; during the data cycle, 
bits 0 through 7 (PC0-PC7) are bidirectional data pins 
controlled by the R/W signal. 



PORT D 

In all modes, port D bits 0-5 may be used for general- 
purpose I/O or with the serial communications interface 
(SCI) and serial peripheral interface (SPI) subsystems. Bit 
0 is the receive data input, and bit 1 is the transmit data 
output for the SCI. Bits 2 through 5 are used by the SPI 
subsystem. 

PORT E 

Port E is used for general-purpose static inputs and/or 
analog-to-digital channel inputs in all operating modes. 
Port E should not be read as static inputs while an A/D 
conversion is actually taking place. 



MEMORY 

The memory maps for each mode of operation, a sin- 
gle-chip, expanded-multiplexed, special boot, and special 
test is shown in Figure 2. In the single-chip mode, the 
MCU does not generate external addresses. The internal 
memory locations are shown in the shaded areas, and 
the contents of the shaded areas are shown on the right 
side of the diagram. In the expanded-multiplexed mode, 
the memory locations are basically the same as the sin- 
gle-chip, except the memory locations between s shown 
in Figure 2. In the single-chip mode, the MCU does not 
(EXT) are for externally addressed memory and I/O. The 
special bootstrap mode is similar to the single-chip mode, 
except the bootstrap program ROM is located at memory 
locations $BF40 through $BFFF. The special test mode is 
similar to the expanded-multiplexed mode, except the 
interrupt vectors are at external memory locations. 



REGISTERS 

The MCU contains the registers described in the fol- 
lowing paragraphs. 

ACCUMULATOR A AND B 

These accumulators are general-purpose 8-bit registers 
used to hold operands and results of arithmetic calcu- 
lations or data manipulations. These two accumulators 
are treated as a single, double-byte accumulator called 
the D accumulator for some instructions. 



7 


A 


0 


7 


6 


0 


15 






D 




0 



INDEX REGISTER X (IX) 

This index register is a 16-bit register used for the in- 
dexed addressing mode. It provides a 16-bit value that 
may be added to an 8-bit offset provided in an instruction 
to create an effective address. The index register may 
also be used either as a counter or a temporary storage 
area. 
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$0000 



$1000 

$2000 



SB000 



scooo 



7, 



EXT 



2 



EXT 




T 

EXT 



EXT 



0000 



OOFF 



1000 



103F 



BF40 



BFFF 



F800 



FFFF 



256 BYTE RAM 

(MAY BE REMAPPED TO ANY 
4K PAGE BY THE INIT REGISTER) 



64 BYTE REGISTER BLOCK 
(MAY BE REMAPPED TO ANY 
4K PAGE BY THE INIT REGISTER) 



BOOT 
ROM 



BFCO 



BFFF 



SPECIAL 
MODES 
INTERRUPT 
VECTORS 



2K EEPROM (MAY BE REMAPPED 
TO ANY 4K PAGE BY THE EEPROM 
CONFIG REGISTER) 

NORMAL 



FFCO 



FFFF 



INTERRUPT 
VECTORS 



SPECIAL 
TEST 

(MODE 0) (MODE 1) 
NOTE. 

1. Either or both the internal RAM and registers can be remapped to any 4K boundary by software. 



$1000 
$1001 
$1002 
$1003 
$1004 
$1005 
$1006 
$1007 
$1008 
$1009 
S10OA 
S100B 
S100C 



Bit 7 



Bit 7 



STAF 



Bit 7 



Bit 7 



Bit 7 



Bit 7 



Bit 7 



FOCI 



OC1M7 



Bit 6 



STAI 



Bit 5 



Bit 4 



Bit 3 



Bit 2 



F0C2 



0C1M6 



CWOM 



Bit 5 



Bit 5 



FOC3 



OC1M5 



HNDS 



F0C4 



OC1M4 



OIN 



FOC5 



OC1M3 



PLS 



Bit 1 



EGA 



Bit 0 



BitO [ PORTA I/O Port A 
Reserved 



INVB PIOC Parallel I/O Control Register 



BitO PORTC I/O Port C 



BitO PORTB Output Port B 



Bit 0 | PORTCL Alternate Latched Port C 
Reserved 



BitO DDRC ' Data Direction for Port C 



BitO PORTD I/O Port D 



BitO DDRD Data Direction for Port D 



Bit 0 | PORTE Input Port E 

CFORC Compare Force Register 
|0C1M 0C1 Action Mask Register 
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Bit 7 



Bit 6 



Bit 5 



Bit 4 



Bit 3 



Bit 2 



Bit 1 



$1000 I 0C1D7 | 0C1D6 | 0C1D5 | 0C1D4 | OC1D3 



$1020 
$1021 
$1022 
$1023 
$1024 
$1025 
$1026 
$1027 
$1028 
$1029 
$102A 
$102B 
$102C 



OM2 



EDG4B 



OC1I 



OC1F 



TO I 



TOF 



DDRA7 



Bit 7 



SPIE 



SPIF 



Bit 7 



TCLR 



0L2 



EDG4A 



0C2F 



RTII 



RTIF 



PAEN 



SPE 



WCOL 



0M3 



EDG1B 



0C3I 



0C3F 



PAOVI 



PAOVF 



PAMOD 



DWOM 



SCP1 



0L3 



EDG1A 



0C4F 



PAN 



PAIF 



PEDGE 



MSTR 



MODF 



SCPO 



0M4 



EDG2B 



I405F 



DDRA3 



CPOL 



RCKB 



WAKE 



0L4 



EDG2A 



IC1F 



14/05 



CPHA 



SCR2 



0M5 



EDG3B 



IC2F 



PR1 



RTR1 



SPR1 



SCR1 



Bit 0 



$100E 


Bit 15 














Bit 8 


$100F 


Bit 7 














Bit 0 



$1010 


Bit 15 














Bit 8 


$1011 


Bit 7 














Bit 0 



$1012 


Bit 15 














Bit 8 


$1013 


Bit 7 














Bit 0 



$1014 


Bit 15 














Bit 8 


$1015 


Bit 7 














Bit 0 



$1016 


Bit 15 














Bit 8 


$1017 


Bit 7 














Bit 0 



$1018 


Bit 15 














Bit 8 


$1019 


Bit 7 














Bit 0 



$101A 


Bit 15 












\ Bit 8 


$101B 


Bit 7 














I Bit 0 



STOIC 


Bit 15 












_ 


Bit 8 


$101D 


Bit 7 














BitO 



$101E 


Bit 15 














Bit 8 


S101F 


Bit 7 














BitO 



0L5 | tCTL1 



edg3a [tctl2 
Itmski 



IC3I 



IC3F 



PRO 



BitO 



SPRO 



BitO 



SCRO 



jOCID 0C1 Action Data Register 
TCNT Timer Courier Register 

TIC1 Input Capture 1 Register 

TIC2 Input Capture 2 Register 

TIC3 Input Capture 3 Register 

T0C1 Output Compare 1 Register 

T0C2 Output Compare 2 Register 

T0C3 Output Compare 3 Register 

T0C4 Output Compare 4 Register 

TI405 Output Compare 5 Register 

Output Compare 5 Register 
Input Capture 4 Register 

Timer Control Register 1 

Timer Control Register 2 

Timer Interrupt Mask Reg 1 

TFLG1 Timer Interrupt Flag Reg 1 

TMSK2 Timer Interrupt Mask Reg 2 

TFLG2 Timer Interrupt Flag Reg 2 

PACTL Pulse Accum Control Reg 

PACNIT Pulse Accum Count Reg 

SPCR SPI Control Register 

SPSR SPI Status Register 

SPDR SPI Data Register 

BAUD SCI Baud Rate. Control 

SCCR1 SCI Control Register 1 
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Bit 7 


Bit 6 


Bit 5 


Bit 4 


Bit 3 


Bit 2 


Bit 1 


Bit 0 


$102D 


TIE 


TCIE 


RIE 


1 LIE 


TE 


RE 


RWU 


SBK 




















S102E 


TDRE 


TC 


RDRF 


IDLE 


OR 


NF 


FE 






















S102F 


Bit 7 














Bit 0 



$1030 

$1031 

$1032 

$1033 

$1034 

$1035 

$1036 

Thru 

$1038 

$1039 
S103A 
$1038 
S103C 

$103D 
S103E 

$103F 



CCF 



Bit 7 



Bit 7 



Bit 7 



Bit 7 



ADPU 



Bit 7 



ODD 



CSEL 



EVEN 



SCAN 



IRQE 



MULT 



PTCON 



DLY 



BYTE 



CD 



BPRT3 



CME 



ROW 



RBOOT 


SMOD 


MDA 


IRV 


PSEL3 


PSEL2 


PSEL1 


PSELO 




RAM3 


RAM2 


RAMI 


RAMO 


REG3 


REG2 


REG1 


REGO 




TILOP 




OCCR 


CBYP 


DISR 


FCM 


FCOP 


TCON 




EE3 


EE2 


EE1 


EEO 




NOCOP 




EEON 



cc 



BPRT2 



ERASE 



CB 



BPRT1 



CRT 



EELAT 



CA 



BitO 



BitO 



BitO 



BitO 



BPRTO 



CRO 



BitO 



EEPGM 



SCCR2 SCI Control Register 2 
SCSR SCI Status Register 



SCDR 



SCI Data (Read RDR, 
Write TDR) 



ADCTL A/D Control Register 

ADR1 A/D Result Register 1 

ADR2 A/D Result Register 2 

ADR3 A/D Result Register 3 

ADR4 A/D Result Register 4 

BPROT EEPROM Block Protect Reg 

Reserved 

OPTION System Configuration Options 

COPRST Arm/Reset COP Timer Cir. 

PPROG EEPROM Prog Control Reg 
HPRIO 



Highest Priority 1-Bit Int 
and Misc 



INIT RAM and I/O Mapping Reg 
TEST1 Factory TEST Control Register 



CONFIG 



COP, ROM, and EEPROM 
Enables 



Figure 2. Memory Map (Sheet 3 of 3) 



INDEX REGISTER Y (IY) 

This index register is an 16-bit register used for the 
indexed addressing mode similar to the IX register; how- 
ever, most instructions using the IY register are two-byte 
opcodes and require an extra byte of machine code arid 
an extra cycle of execution time. The index register may 
also be used as a counter or a temporary storage area. 

15 IY 0 



PROGRAM COUNTER (PC) 

The program counter is a 16-bit register that contains 
the address of the next byte to be fetched. 



15 PC 0 



STACK POINTER (SP) 

The stack pointer is a 16-bit register that contains the 
address of the next free location on the stack. The stack 
is configured as a sequence of last-in-first-out read/write 
registers, which allow important data to be stored during 
interrupts and subroutine calls. Each time a new byte is 
added to the stack, the SP is decremented; each time a 
byte is removed, the SP is incremented. The address con- 
tained in the SP also indicates the location at which the 
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accumulators A and B and registers IX and IY can be 
stored during certain instructions. 



SP 



CONDITION CODE REGISTER (CCR) 

The condition code register is an 8-bit register in which 
each bit is used to indicate the results of the instruction 
just executed. These bits can be individually tested by a 
program, and specific actions can be taken as a result of 
their state. Each bit is explained in the following para- 
graphs. 



s 


X 


H 


I 


N 


Z 


V 


c 



Carry/Borrow (C) 

When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during 
shift and rotate instructions. 

Overflow (V) 

The overflow bit is set if an arithmetic overflow oc- 
curred as a result of the operation; otherwise, the V bit 
is cleared. 

Zero (Z) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 

Negative (N) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative 
(the MSB of the result is a logic one). 

Interrupt (I) 

This bit is set either by hardware or program instruction 
to disable (mask) all maskable interrupt sources (both 
external and internal). 

Half Carry (H) 

This bit is set during ADD, ABA, and ADC operations 
to indicate that a carry occurred between bits 3 and 4. 
This bit is mainly useful in BCD calculations. 

X Interrupt Mask (X) 

This mask bit is set only by hardware (reset or XIRQ) 
and is cleared only by program instruction (TAP or RTI). 

Stop Disable (S) 

This bit, under program control, is set to disable the 
STOP instruction, and is cleared to enable the STOP in- 
struction. The STOP instruction is treated as no operation 
(NOP) if the S bit is set. 



RESETS 

The MCU c an be reset four ways: 1) an active low input 
to the RESET pin; 2) a power-on reset function; 3) a com- 
puter operating properly (COP) wat chdog- timer timeout; 
and 4) a clock monitor failure. The RESET in put con sists 
mainly of a Schmitt trigger that senses the RESET line 
logic level. 



RESET PIN 



To request an external reset, the RESET pin must be 
held low for eight E cvc (two E cyc if no distinction is needed 
between internal and external resets). To prevent the 
EEPROM contents from being corrupted during power 
transitions, the reset line should be held low while Vqd 
is below its minimum operating level. A low voltage in- 
hibit (LVI) circuit is required to protect EEPROM from 
corruption as shown in Figure 3. 



POWER-ON RESET (POR) 

Power-on reset occurs when a positive transition is 
detected on VqD- The power-on reset is used strictly for 
power turn-on conditions and should not be used to de- 
tect an y drop in the power supply voltage. If the external 
RESET pin is low at the end of the power-on dela y time, 
the processor remains in the reset condition until RESET 
goes high. 



COMPUTER OPERATING PROPERLY (COP) RESET 

The MCU contains a watchdog timer that automatically 
times out if not reset within a specific time by a program 
reset sequence. If the COP watchdog timer is allowed to 
timeout, a reset is generated, which drives the RESET pin 
low to reset the MCU and the external system 

The COP reset function can be enabled or disabled by 
setting the control bit in an EEPROM cell of the system 
configuration register. Once programmed, this control bit 
remains set (or cleared) even when no power is applied, 
and the COP function is enabled or disabled independent 
of resident software. Protected control bits (CR1 and CRO), 
in the configuration options register, allow the user to 
select one of four COP timeout rates. Table 2 shows the 
relationship between CRT and CRO and the COP timeout 
period for various system clock frequencies. 



CLOCK MONITOR RESET 

The MCU contains a clock monitor circuit which meas- 
ures the E clock input frequency. If the E clock input rate 
is above 200 kHz, then the clock monitor does not gen- 
erate a MCU reset. If the E clock signal is lost or its fre- 
quency falls_be[ow 10 kHz, then a MCU reset is generated, 
and the RESET pin is driven low to reset the external 
system. 

The clock monitor reset can be enabled or disabled by 
a read-write control bit (CME) in the system configuration 
options register. 
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OF 68HC11 
(AND OTHER 
SYSTEM PARTS) 



Reset Circuit with LVI and RC Delay 



UL 

1 



MOTOROLA 
MC34064 
OR SEIKO 
S-8054HN 



T 



TO RESET 
OF 68HC1 1 
(AND OTHER 
SYSTEM PARTS) 



Simple LVI Reset Circuit 



Figure 3. Typical LVI Reset Circuits 



Table 2. COP Timeout Periods 



CR1 


CRO 


E/2 15 
Divided 
By 


XTAL = 2 23 
Timeout 
-1/+15.6 ms 


XTAL=8.0 MHz 
Timeout 
-0/+16.4 ms 


XTAL=4.9152 MHz 
Timeout 
-0/ + 26.7 ms 


XTAL = 4.0 MHz 
Timeout 
-0/+32.8 ms 


XTAL = 3.6864 MHz 
Timeout 
-0/+35.6 ms 


0 


0 


1 


15.625 ms 


16.384 ms 


26.667 ms 


32.768 ms 


35.556 ms 


0 


1 


4 


62.5 ms 


65 536 ms 


106 67 ms 


131.07 ms 


142.22 ms 


1 


0 


16 


250 ms 


262.14 ms 


426.67 ms 


524.29 ms 


568.89 ms 


1 


1 


64 


1 s 


1.049 s 


1.707 s 


2.1 s 


2.276 s 



2.1 MHz 



2.0 MHz 



1.2288 MHz 



1.0 MHz 



921.6 kHz 
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INTERRUPTS 

There are seventeen hardware and one software in- 
terrupts (excluding reset type interrupts) that can be gen- 
erated from all the possible sources. These interrupts can 
be divided into two categories, maskable and non-mask- 
able. Fifteen of the interrupts can be masked with the 
condition code register I bit. All the on-chip interrupts are 
individually maskable by local control bits. The sof tware 
interrupt is non-maskable. The external input to the XIRQ 
pin is considered a non-maskable interrupt because, once 
enabled, it cannot be masked by software; however, it is 
ma sked d uring reset and upon receipt of an interrupt at 
the XIRQ pin. The last interrupt, illegal opcode, is also a 
non-maskable interrupt. Table 3 provides a list of each 
interrupt, its vector location in ROM, and the actual con- 
dition code and control bits that mask it. Figure 4 shows 
the interrupt stacking order. 



SOFTWARE INTERRUPT (SWI) 

The SWI is executed the same as any other instruction 
and will take precedence over interrupts only if the other 
interrupts are masked (I and X bits in the CCR set). The 





STACK 


SP 


PCL 


SP-1 


PCH 


SP-2 


IYL 


SP-3 


IYH 


SP-4 


IXL 


SP-5 


IXH 


SPB 


ACCA 


SP-7 


ACCB 


SP-8 


CCR 


SP-9 





- - SP BEFORE INTERRUPT 



- - SP AFTER INTERRUPT 



Figure 4. Stacking Order 

SWI execution is similar to the maskable interrupts such 
as setting the I bit, CPU registers are stacked, etc. 

NOTE 

The SWI instruction cannot be fetched as long as 
another interrupt is pending execution. However, 
once fetched, no other interrupt can be honored 
until the first instruction in the SWI service routine 
is completed. 




Table 3. Interrupt Vector Assignments 



Vector 
Address 


Interrupt Source 


CC 

Register Mask 


Local Mask 


FFCO, CI 


Reserved 






FFD4, D5, 
FFD6, D7 


Reserved 

SCI Serial System 

Receive Data Register Full 

Receive Overrun 

Idle Line Detect 

Transmit Data Register Empty 

Transmit Complete 


I Bit 


RIE 
RIE 
ILIE 
TIE 
TCIE 


FFD8, D9 
FFDA, DB 
FFDC, DD 
FFDE, DF 


SPI Serial Transfer Complete 
Pulse Accumulator Input Edge 
Pulse Accumulator Overflow 
Timer Overflow 


I Bit 
I Bit 
I Bit 
I Bit 


SPIE 
PAN 
PAOVI 
TOI 


FFEO, E1 
FFE2, E3 
FFE4, E5 
FFE6, E7 


Timer Input Capture 4/Output Compare 5 
Timer Output Compare 4 
Timer Output Compare 3 
Timer Output Compare 2 


I Bit 
I Bit 
I Bit 
I Bit 


I405I 
OC4I 
OC3I 
OC2I 


FFE8, E9 
FFEA, EB 
FFEC, ED 
FFEE, EF 


Timer Output Compare 1 
Timer Input Capture 3 
Timer Input Capture 2 
Timer Input Capture 1 


I Bit 
I Bit 
I Bit 
I Bit 


OC1I 
OC3I 
OC2I 
OC1I 


FFFO, F1 
FFF2, F3 

FFF4, F5 
FFF6, F7 


Real-Time Interrupt 

IRQ (External Pin or Parallel I/O) 

External Pin 

Parallel I/O Handshake 
XIRQ Pin (Pseudo Non-Maskable Interrupt) 
SWI 


I Bit 
I Bit 

X Bit 
. None 


RTII 

None 
STAI 
None 
None 


FFF8, F9 
FFFA, FB 
FFFC, FD 


Illegal Opcode Trap 
COP Failure (Reset) 
COP Clock Monitor Fail (Reset) 


None 
None 
None 


None 
NOCOP 
CME 


FFFE, FF 


RESET 


None 


None 
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ILLEGAL OPCODE TRAP 

Since not all possible opcodes or opcode sequences 
are defined, an illegal opcode detection circuit has been 
included in the MCU. When an illegal opcode is detected, 
an interrupt is requested to the illegal opcode vector. 

REAL-TIME INTERRUPT 

The real-time interrupt provides a programmable pe- 
riodic interrupt. This interrupt is maskable by either the 
I bit in the CCR or the RTII control bit. The rate is based 
on the MCU E clock and is software selectable to be El 
2 13 , E/2 14 , E/2 15 , or E/2 16 . 



LOW-POWER MODES 

The MCU contains two programmable low-power op- 
erating modes: stop and wait. In the wait mode, the on- 
chip oscillator remains active; in the stop mode, the os- 
cillator is stopped. The following paragraphs describe the 
two low-power modes. 

STOP 

The STOP instruction places the MCU in its lowest power 
consumption mode, provided the S bit in the CCR is clear. 
In this mode, all clocks are stopped, thereby halting all 
internal processing. 

To exit the sto p mode, a low level must be applied to 
either IRQ, XIRQ or RESET. An external interrupt used at 
IRQ is only efective if the I bit in the CCR is clear. An 
external interrupt applied at the XIRQ input would be 
effective regardless of the X-bit setting in the CCR; how- 
ever, the actual recovery sequence differs, depending on 
the X-bit setting. If the X bit is clear, the MCU starts with 
the stack ing sequence leading to the normal service of 
the XIRQ request. If the X bit is set, the processing will 
always continue with the instruction immedia tely foll ow- 
ing the STOP instruction. A low input to the RESET pin 
will always result in an exit from the stop mode, and the 
start of MCU operations is determined by the reset vector. 

A restart delay is required if the internal oscillator is 
being used, to allow the oscillator to stabilize when ex- 
iting the stop mode. If a stable external oscillator is being 
used, a control bit in the OPTION register may be used 
(cleared) to byp ass the delay. If the control bit is clear, 
then the RESET pin would not normally be used for ex- 
iting the stop mode. In this case, the reset sequence sets 
the delay control bit and the restart delay will be imposed. 

WAIT 

The wait (WAI) instruction places the MCU in a low- 
power consumption mode, but the wait mode consumes 
slightly more power than the stop mode. In the wait mode, 
the oscillator is kept running. Upon execution of the WAIT 
instruction, the machine state is stacked and program 
execution stops. The w ait state can only be exited by an 
unmasked interrupt or RESET. If the I bit is set and the 
COP is disabled, the timer system will be turned off to 
further reduce power consumption. The amount of power 
savings is application dependent and depends upon cir- 
cuitry connected to the MCU pins and upon subsystems 
(i.e., timer, SPI, SCI) that are active when the wait mode 



is entered. Turning off the A/D subsystem by clearing 
ADPU further reduces wait mode current. 



PROGRAMMABLE TIMER 

The timer system uses a "time-of-day" approach in that 
all timing functions are related to a single 16-bit free- 
running counter. The free-running counter is clocked by 
the output of a programmable prescaler (divide by 1, 4, 
8, or 16), which is, in turn, clocked by the MCU E clock. 
The free-running counter can be read by software at any 
time without affecting its value because it is clocked and 
read on opposite half cycles of the E clock. The counter 
is cleared on reset and is a read-only register. The counter 
repeats every 65,536 counts, and when the count changes 
from SFFFF to $0000, a timer overflow flag bit is set. The 
overflow flag also generates an internal interrupt if the 
overflow interrupt enable bit is set. The timer has four 
input capture and five output compare functions. The 
functions and registers of the timer are explained in the 
following paragraphs. 

INPUT CAPTURE FUNCTION 

There are four 16-bit read-only input capture registers 
that are not affected by reset. Each register is used to 
latch the value of the free-running counter when a se- 
lected transition at an extenal pin is detected. External 
devices provide the inputs on the PA0-PA3 pins, and an 
interrupt can be generated when an input capture edge 
is detected. The time of detection can be read from the 
appropriate register as part of the interrupt routine. 

Port A pin 3 serves multiple functions. After reset, data 
direction bit 3 (DDRA3), in the PACTL register is cleared 
to zero configuring port A pin 3 as an input. Port A pin 
3 can then be used as a input capture 4 (IC4), by setting 
14/05 to "one" in the PACTL register. The 14/05 bit is 
configured to OC5 (cleared to zero) on reset. If DDRA3 is 
configured as an output and IC4 is enabled, writes to port 
A bit 3 causes edges on the PA3 to result in input captures. 
When the TI405 register is acting as the IC4 capture reg- 
ister it cannot be written to. When PA3 is being used as 
IC4, writes to TI405 register have no meaning. 

TIMER CONTROL REGISTER 2 (TCTL2) $1021 

7 6 5 4 3 2 1 0 



EDG4B 


EDG4A 


EDG1B 


EDG1A 


EDG2B|EDG2A 


EDG3B | EDG3A 



RESET 
0 



0 



0 



EDGxB and EDGxA — Input Capture x Edge Control 
These two bits (EDGxB and EDGxA) are cleared to 
zero by reset and are encoded to configure the input 
sensing logic for input capture x. 



EDGxB 


EDGxA 


Configuration 


0 


0 


Capture disabled 


0 


1 


Capture on rising edges only 


1 


0 


Capture on falling edges only 


1 


1 


Capture on any (rising or falling) edge 
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OUTPUT COMPARE FUNCTION 

There are five 16-bit read/write output compare reg- 
isters, which are set to $FFFF on reset. A value written 
into the SE registers is compared to the free-running 
counter value during each E-clock cycle. If a match is 
found, the particular output compare flag is set, and an 
interrupt is generated, provided that particular interrupt 
is enabled. 

In addition to the interrupt, a specified action may be 
initiated at a timer output pin(s). For output compare one 
(OC1), the output action to be taken when a match is 
found is controlled by a 5-bit mask register and a 5-bit 
data register. The mask register specifies which timer 
port outputs are to be used, and the data register specifies 
what data is placed on the SE timer ports. For OC2 through 
OC5, one specific timer output is affected as controlled 
by the two-bit fields in a timer control register. These 
actions include: 1) timer disconnect from output pin logic, 
2) toggle output compare line, 3) clear output compare 
line to zero, or 4) set output compare line to one. Upon 
reset, 14/05 is configured as OC5. The OC5 function over- 
rides DDRA3 to force the Port A pin 3 to be an output 
whenever OM5:OL5 bits are not 0:0. In all other aspects, 
OC5 works the same as the other output compares. 

TIMER COMPARE FORCE REGISTER (CFORC) $100B 

This 8-bit write-only register is used to force early out- 
put compare actions. This compare force function is not 
recommended for use with the output toggle function 
because a normal compare occurring immediately before 
or after the force may result in undersirable operation. 



7 


6 


5 


4 


3 


2 


1 


0 


F0C1 


F0C2 


F0C3 


F0C4 


F0C5 


0 


0 


0 


RESET 
0 


0 


0 


0 


0 


0 


0 


0 



FOC1-FOC5 — Force Output Compare x Action 

1 = Causes action progrmmed for output compare 

x, except the OCxF flag bit is not set 
0 = Has no meaning 
Bits 2-0 — Not Implemented 
These bits always read zero. 

OUTPUT COMPARE 1 MASK REGISTER (OC1M) $100C 

This register is used with output compare 1 to specify 
the bits of port A which are affected as a result of a 
successful OC1 compare. 
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4 


3 


2 


1 


0 


0C1M7 


0C1M6 


0C1M5 


0C1M4 


0C1M3 


0 


0 


0 


RESET 
0 


0 


0 


0 


0 


0 


0 


0 



of port A. 

OUTPUT COMPARE 1 DATA REGISTER (OC1D) $100D 

This register is used with output compare 1 to specify 
the data which is to be stored to the affected bit of port 
A as a result of a successful OC1 compare. 



0C1D7 


0C1D6 


0C1D5 


0C1D4 


0C1D3 


0 


0 


0 


RESET 
0 


0 


0 


0 


0 


a 


0 


0 



If OC1Mx is set, data in OC1Dx is output to port A bit-x 
on successful OC1 compares. 

TIMER CONTROL REGISTER (TCTL1) $1020 
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2 


1 


0 


0M2 


QL2 


0M3 


0L3 


0M4 


0L4 


0M5 


0L5 


RESET 
0 


0 


0 


0 


0 


0 


0 


0 



OM2-OM5 — Output Mode 

OL2-OL5 — Output Level 

These control bit pairs (OMx and OLx) are encoded 
to specify the output action taken as a result of a 
successful OCx compare. 



OMx 


OLx 


Action Taken Upon Successful Compare 


0 


0 


Timer disconnected from output pin logic 


0 


1 


Toggle OCx output line 


1 


0 


Clear OCx output line to zero 


1 


1 


Set OCx output line to one 



TIMER INTERRUPT MASK REGISTER 1 (TMSK1) 



7 


6 


5 


4 


3 


2 


1 


0 


0C1I 


0C2I 


0C3I 


0C4I 


14051 


IC1I 


IC2I 


IC3I 



RESET 

0 0 0 0 0 0 0 0 

OCxI — Output Compare x Interrupt 

1 = Interrupt sequence requested if OCxF=1 in 

TFLG1 

0 = Interrupt inhibited 
ICxI — Input Capture x Interrupt 

1 = Interrupt sequence requested if ICxF = 1 inTFLGI 
0 = Interrupt inhibited 

NOTE 

When the 14/05 bit in the PACTL register is one, 
the 14051 bit behaves as the input capture 4 interrupt 
bit. When 14/05 is zero, the 14051 bit acts as the 
output compare 5 interrupt control bit. 

TIMER INTERRUPT FLAG REGISTER 1 (TFLG1) 

This register is used to indicate the occurrence of timer 
system events and, with the TMSK1 register, allows the 
timer subsystem to operate in a polled or interrupt driven 
system. Each bit in the TFLG1 has a corresponding bit in 
the TMSK1 in the same bit position. 



0 



0C1F 


0C2F 


0C3F 


0C4F 


I405F 


IC1F 


IC2F 


IC3F 


RESET 
0 


0 


0 


0 


0 


0 


0 


0 
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OCxF — Output Compare x Flag 

Set each time the timer counter matches the output 
compare register x value. To clear a flag bit in TFLG1, 
you must write a "one" to the corresponding bit po- 
sition(s). 
1 = Bit cleared 

0 = Not affected 
ICxF— Input Capture x Flag 

Set each time a selected active edge is detected on 
the ICx input line. To clear a flag bit in TFLG1, you 
must write a "one" to the corresponding bit posi- 
tion(s). 

1 = Bit cleared 

0 = Not affected 

NOTE 

When the 14/05 bit in the PACTL register is one, 
the I405F bit behaves as the input capture 4 flag 
bit. When 14/05 is zero, the I405I bit acts as the 
output compare 5 flag. 

TIMER INTERRUPT MASK REGISTER 2 (TMSK2) $1024 

This register is used to control whether or not a hard- 
ware interrupt sequence is requested as a result of a 
status bit being set in TFLG1. Two timer prescaler bits 
are also included in this register. 

7 6 5 4 3 2 1 0 



timer subsystem to operate in a polled or interrupt driven 
system. Each bit in the TFLG2 has a corresponding bit in 
the TMSK2 in the same bit position. 



TOI 


RTII 


PAOVI 


PAN 


0 


0 


PR1 


PRO 


RESET 
0 


0 


0 


0 


0 


0 


0 


0 



TOI — Timer Overflow Interrupt Enable 
1 = Interrupt request when TOF = 1 

0 = TOF interrupt disabled 
RTII — RTI Interrupt Enable 

1 = Interrupt requested when RTIF = 1 
0=RTIF interrupt disabled 

PAOVI — Pulse Accumulator Overflow Interrupt Enable 
1 = Interrupt requested when PAOVF=1 

0 = PAOVF disabled 

PAN — Pulse Accumulator Input Interrupt Enable 

1 = Interrupt requested when PAIF= 1 
0 = PAIF disabled 

Bits 3-2 — Not Implemented 

These bits always read zero. 
PR1 and PRO — Timer Prescaler Selects 

Can only be written to during initialization. Writes 

are disabled after the first write or after 64 E cycles 

out of reset. 



PR1 


PRO 


Divide-by-Factor 


0 


0 


1 


0 


1 


4 


1 


0 


8 


1 


1 


16 



7 


6 


5 


4 


3 


2 


1 


0 


TOF 


RTIF 


PAOVF 


PAIF 


0 


0 


0 


0 


RESET 
0 


0 


0 


0 


0 


0 


0 


0 



TIMER INTERRUPT FLAG REGISTER 2 (TFLG2) $1025 

This register is used to indicate the occurrence of timer 
system events and, with the TMSK2 register, allows the 



TOF — Timer Overflow 

Set to one each time the 16-bit free-running counter 

advances from a value of $FFFF to $0000. Cleared by 

a write to TFLG2 with bit 7 set. 
RTIF — Real-Time Interrupt Flag 

Set at each rising edge of the selected tap point. 

Cleared by a write to TFLG2 with bit 6 set. 
PAOVF — Pulse-Accumulator Overflow Interrupt Flag 

Set when the count in the pulse accumulator rolls 

over from $FF to $00. Cleared by a write to the TFLG2 

with bit 5 set. 
PAIF — Pulse-Accumulator Input-Edge Interrupt Flag 

Set when an active edge is detected on the PAI input 

pin. Cleared by a write to TFLG2 with bit 4 set. 
Bits 3-0 — Not Implemented 

These bits always read zero. 



PULSE ACCUMULATOR 

The pulse accumulator is an 8-bit counter that can op- 
erate in either of two modes, depending on the state of 
a control bit in the PACTL register. These are the event 
counting mode and the gated time accumulation mode. 
In the event counting mode, the 8-bit counter is clocked 
to increasing values by an external pin. The maximum 
clocking rate for the external event counting mode is E 
clock divided by two. In the gated time accumulation 
mode, a free-running E clock/64 signal drives the 8-bit 
counter, but only while the external PAI input pin is ac- 
tivated. 

PULSE ACCUMULATOR CONTROL REGISTER (PACTL) 
$1026 

Four bits in this register are used to control an 8-bit 
pulse accumulator system, and two other bits are used 
to select the rate for the real-time interrupt system. 



| DDRA7 | PAEN | PAMOD | PEDGE | DDRA3 | 14/05 | RTR1 | RTRO 
RESET 

0 0 0 0 0 0 0 0 

DDRA7 — Data Direction for Port A Bit 7 

1 = Output 

0 = Input only 

PAEN — Pulse-Accumulator System Enable 

1 = Pulse accumulator on 

0 = Pulse accumulator off 
PAMOD — Pulse Accumulator Mode 

1 = Gated time accumulator 
0 = External even counting 
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RTR1 


RTRO 


Divide 
E By 


XTAL = 2 23 


XTAL=8.0 MHz 


XTAL=4.9152 MHz 


XTAL = 4.0 MHz 


XTAL= 3.6864 MHz 


0 


0 


2 13 


3.91 ms 


4.10 ms 


6 67 ms 


8.19 ms 


8.89 ms 


0 


1 


2 14 


7.81 ms 


8.19 ms 


13.33 ms 


16.38 ms 


17.78 ms 


1 


0 


2 15 


15.62 ms 


16.38 ms 


26.67 ms 


32.77 ms 


35.56 ms 


1 


1 


2 16 


31.25 ms 


32.77 ms 


53.33 ms 


65.54 ms 


71.11 ms 






E = 


2.1 MHz 


2.0 MHz 


1.2288 MHz 


1.0 MHz 


921.6 kHz 



PEDGE — Pulse Accumulator Edge Control 

This bit provides clock action along with PAMOD. 
1 = Sensitive to rising edges at PAI pin if PA- 
MOD =0. In gated accumulation mode counting 
is enabled by a low on PAI pin if PAM0D = 1. 

0 = Sensitive to falling edges at PAI pin if 

PAMOD = 0. In gated accumulation mode 
counting is enabled by a high on PAI pin if 
PAMOD = 1. 
DDRA3 — Data Directional for Port A Bit 3 

1 = Output 

0 = lnput only 
14/05 — Input 4/Output 5 

1 = Input capture 4 function enabled (No OC5) 

0 = Output compare 5 function enabled (No IC4) 
RTP.1 and RTRO — RTI Interrupt Rate Selects 

These two bits select one of four rates for the real- 
time periodic interrupt circuits. Reset clears these 
two bits and after reset, a full RTI period elapses 
before the first RTI interrupt. 



In normal operating modes, EEPROM and CONFIG are 
protected out of reset, and the user has 64 E clock cycles 
to unprotect any of the blocks that will require program- 
ming or erasing. The BPROT register bits can only be 
cleared, written to zero, during the first 64 E clock cycles 
after reset. Once the bits are cleared, the associated 
EEPROM section and/or the CONFIG register can be pro- 
grammed or erased in the normal manner. The EEPROM 
is visible only if the EEON bit in the CONFIG register is 
set. In the test or bootstrap modes, bits of the BPROT 
register can be set or cleared at anytime. In either single- 
chip or expanded mode, BPROT register bits can be writ- 
ten back to one anytime after the first 64 E clock cycles 
in order to protect the EEPROM and/or the CONFIG reg- 
ister. However, these bits can only be cleared again in 
the test or bootstrap modes. 



PTCON BPRT3 BPRT2 BPRT1 BPRTO 



RESET 
0 



EEPROM PROGRAMMING 

The 2K bytes of EEPROM are located at $F800 through 
$FFC0. Programming of the EEPROM is controlled by the 
EEPROM programming control register (PPROG). The 
EEPROM is disabled when the EEON bit in the system 
configuration register (CONFIG) is zero. Programming and 
erasure of the EEPROM relies on an internal high-voltage 
charge pump. At E clock frequencies below 2 MHz, the 
efficiency of this charge pump decreases, which in- 
creases the time required to program or erase a location. 
Recommended program and erase time is 10 millise- 
conds when the E clock is between 2 MHz and should be 
increased to as much as 20 milliseconds when E clock is 
between 1 MHz and 2 MHz. When E clock is below 1 MHz, 
the clock source for the charge pump should be switched 
from the system clock to an on-chip R-C oscillator clock. 
This is done by setting the CSEL bit in the OPTION reg- 
ister. A 10 millisecond period should be allowed after 
setting the CSEL bit to allow the charge pump to stabilize. 
The following paragraphs describe how to program or 
erase the EEPROM using the PPROG control register. 

EEPROM BLOCK PROTECT REGISTER (BPROT) $1035 

This 5-bit register protects against inadvertent writes 
to the CONFIG register and to the EEPROM. To permit 
the user to separate EEPROM into categories like 'tem- 
porary' or 'permanent', EEPROM is divided into four in- 
dividually protected blocks. The CONFIG register is also 
protected. 



Bits 7-5 — Not Implemented 

These bits always read zero 
PTCON — Protect CONFIG Register Bit 

1 = Programming/erasure of the CONFIG register 
disabled 

0 = Programming/erasure of the CONFIG register 

allowed 

BPRT3-BPRT0 — Block Protect Bits 

1 = A set bit protects a block of EEPROM against 

programming or erasure. 
0 = A cleared bit permits programming or erasure 
of the associated block. 



Bit 


Block Protected 


Block Size 


BPRTO 


S1800-19FF 


512 Bytes 


BPRT1 


S1A00-1BFF 


512 Bytes 


BPRT2 


S1CO0-1DFF 


512 Bytes 


BPRT3 


S1E00-1FFF 


512 Bytes 



ERASING THE EEPROM 

Erasure of the EEPROM is controled by bit settings in 
PPROG, and the appropriate bits in the BPROT register 
must also be cleared before the EEPROM can be changed. 
Programs can be written to perform bulk, row, or byte 
erase. In bulk erase, all 512 bytes of the EEPROM are 
erased. In row erase, 16 bytes ($B600-$B60F, $B610- 
$B61F), etc) are erased. Other MCU operations can con- 
tinue to be performed during erasing provided the op- 
erations do not include reads of data from EEPROM. 
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PROGRAMMING EEPROM 

During programming, the ROW and BYTE bits are not 
used. If the E clock frequency is 1 MHz or less, the CSEL 
bit in the OPTION register must be set. Zeros must be 
erased by a separate erase operation before program- 
ming. Other MCU operations can continue to be per- 
formed during programming provided the operations do 
not include reads of data from EEPROM. 



EEPROM PROGRAMMING CONTROL REGISTER (PPROG) 
$103B 



This 8-bit register is used to control programming and 
erasure of the EEPROM. This register is cleared on reset 
so the EEPROM is configured for normal reads. 
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ODD 


EVEN 


0 


BYTE 


ROW 


ERASE 


EELAT 


EEPGM 


RESET 
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0 


0 
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0 


0 


0 
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ODD — Program Odd Rows (TEST) 
EVEN — Program Even Rows (TEST) 
Bit 5 — Not Implemented 

This bit always reads zero. 
BYTE — Byte Erase Select 

This bit overrides the ROW bit. 
1 = Erase only one byte 

0 = Row or bulk erase 
ROW — Row Erase Select 

If BYTE bit = 1 . ROW has no meaning. 

1 =Row erase 

0 = Bulk or byte erase 
ERASE — Erase Mode Select 

1 = Erase mode 

0 = Normal read or program 
EELAT — EEPROM Latch Control 

1 = EEPROM Address and data configured for pro- 

grammming/erasing 

0 = EEPROM Address and data configured for read 

mode 

EEPGM — EEPROM Programming Voltage Enable 

1 = Programming voltage turned on 
0 = Programming voltage turned off 

NOTE 

A strict register access sequence must be fol- 
lowed to allow successful programming and erase 
operations. The following nrocedures for modifying 
the EEPROM and CONFIG register detail the se- 
quence. If an attempt is made to set both the EELAT 
and EEPGM bits in the same write cycle and if this 
attempt occurs before the required write cycle with 
the EELAT bit set, then neither is set. If a write to 
an EEPROM address is performed while the EEPGM 
bit is set, the write is ignored, and the programming 
operation in progress is not disturbed. If no EEPROM 
address is written between when EELAT is set and 
EEPGM is set, then no program or erase operation 
takes place. These safeguards were included to pre- 
vent accidental EEPROM changes in cases of pro- 
gram runaway. 



ERASING THE CONFIG REGISTER 

Erasing the CONFIG register follows the same proce- 
dures as that used for the EEPROM including bulk, byte, 
and row erase. The CONFIG register may be programmed 
or erased while the MCU is operating in any mode de- 
pending on the setting of bit A in BPROT. The bulk erase 
restriction on CONFIG is not present on all derivatives in 
the M68HC11 Family. Please check the applicable data 
sheet or technical summary for the restrictions. 

PROGRAMMING THE CONFIG REGISTER 

Programming the CONFIG register follows the same 
procedures as that used for the EEPROM except the CON- 
FIG register address is used. On mask set B96D, the CON- 
FIG register may only be programmed while the MCU is 
operating in the test or bootstrap mode. 

SYSTEM CONFIGURATION REGISTER (CONFIG) $103F 

The CONFIG is implemented in EEPROM cells and con- 
trols the presence of ROM and EEPROM in the memory 
map and enables the COP watchdog system. 

7 6 5 4 3 2 10 

[ EE3 | EE2 | EE1 | EEO | 0 | N0C0P | 0 | EEON | 

EE0-EE3 — EEPROM Map Position 

These four bits specify the upper four bits of the 
EEPROM address. These bit have no meaning in the 
single-chip mode, because the 2K EEPROM is forced 
on at locations $F800 through $FFFF. 



EE3 


EE2 


EE1 


EEO 


Location 


0 


0 


0 


0 


$0800-$0FFF 


0 


0 


0 


1 


$1800-$1FFF 


0 


0 


1 


0 


$2800-$2FFF 


0 


0 


1 


1 


$3800-$3FFF 


0 


1 


0 


0 


$4800-$4FFF 


0 


1 


0 


1 


$5800-$5FFF 


0 


1 


1 


0 


$6800-$6FFF 


0 


1 


1 


1 


$7800-$7FFF 




0 


0 


0 


$8800-$8FFF 




0 


0 


1 


$9800-$9FFF 




0 


1 


0 


$A800-$AFFF 




0 


1 


1 


$B800-$BFFF 




1 


0 


0 


$C800-$CFFF 




1 


0 


1 


$D800-$DFFF 




1 


1 


0 


$E800-$EFFF 




1 


1 


1 


$F800-$FFFF 



Bit 3 — Not Implemented 
This bit always reads zero 

NOCOP — COP System Disable 

1 =COP watchdog system disable 
0 = COP watchdog system enabled 

Bit 1 — Not Implemented 
This bit always reads zero 

EEON — Enable On-Chip EEPROM 

When this bit is programmed to "zero", the 512-byte 
EEPROM is disabled, and that memory space be- 
comes externally accessed space. 
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SERIAL COMMUNICATIONS INTERFACE 

The serial communications interface (SCI) allows the 
MCU to be interfaced efficiently with peripheral devices 
that require an asynchronous serial data format. The SCI 
uses a standard NRZ format with a variety of baud rates 
derived from the crystal clock circuit. Interfacing is ac- 
complished using port D pins PDO for receive data (RxD), 
and PD1 for transmit data (TxD). The baud rate generation 
circuit contains a programmable prescaler and divider 



clocked by the MCU E clock. Figure 5 shows a block dia- 
gram of the SCI. 

DATA FORMAT 

Receive data in or transmit data out is the serial data 
presented between the PDO and the internal data bus and 
between the internal data bus and PD1. The data format 
requires 

1) An idle line in the high state prior to transmission/ 
reception of a message; 
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NOTE: The Serial Communications Data Register (SCDR) is controlled by the internal R/W signal. It is the transmit data register when 
written and received data register when read. 

Figure 5. SCI Block Diagram 
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2) A start bit that is transmitted/received, indicating 
the start of each character; 

3) Data that is transmitted and received least-signif- 
icant bit (LSB) first; 

4) A stop bit (tenth or eleventh bit set to logic one), 
which indicates the frame is complete; and 

5) A break defined as the transmission or reception 
of a logic zero for some multiple of frames. 

Selection of the word length is controlled by the M bit in 
serial communications control register 1 (SCCR1). 

TRANSMIT OPERATION 

The SCI transmitter includes a parallel data register and 
a serial shift register. This double-buffered system allows 
a character to be shifted out serially while another char- 
acter is waiting in the transmit data register to be trans- 
ferred into the serial shift register. The output of the serial 
shift register is applied to PD1 as long as transmission is 
in progress or the transmit enable bit is set. 

RECEIVE OPERATION 

Data is received in a serial shift register and is trans- 
ferred to a parallel receive data register as a complete 
word. This double-buffered system allows a character to 
be shifted in serially while another character is already 
in the receive data register. An advanced data recovery 
scheme is used to distinguish valid data from noise in 
the serial data stream. The data input is selectively sam- 
pled to detect receive data, and a majority voting circuit 
determines the value and intergrity of each bit. 

WAKE-UP FEATURE 

The wake-up feature reduces SCI service overhead in 
multiple receiver systems. Software for each receiver 
evaluates the first character(s) of each message. If the 
message is intended for a different receiver, the SCI can 
be placed in a sleep mode, disabling the rest of the mes- 
sage from generating requests for service. Whenever a 
new message begins, logic causes the sleeping receivers 
to awaken and evaluate the initial character(s) of the new 
message. Two methods of wake up are available: idle- 
line wake up or address mark wake up. In idle-line wake 
up, a sleeping receiver wakes up as soon as the RxD line 
becomes idle. In the address mark wake up, a "one" in 
the most-significant bit (MSB) of a character is used to 
indicate that the message is an address that wakes up a 
sleeping receiver. 

SCI REGISTERS 

The following paragraphs describe the operations of 
the five registers used in the SCI. 

Serial Communications Data Registers (SCDR) 

The SCDR performs two functions: as the receive data 
register when it is read and as the transmit data register 
when it is written. Figure 5 shows the SCDR as two sep- 
arate registers. 



Serial Communications Control Register 1 (SCCR1) 

The SCCR1 provides the control bits to determine word 
length and select the method used for the wake-up fea- 
ture. 
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R8 — Receive Data Bit 8 

If the M bit is set, this bit provides a storage location 
for the ninth bit in the receive data character. 
T8 — Transmit Data Bit 8 

If the M bit is set, this bit provides a storage location 
for the ninth bit in the transmit data character. 
Bit 5 — Not Implemented 

This bit always reads zero. 
M — SCI Character Length 

1 = 1 start bit, 9 data bits, 1 stop bit 
0=1 start bit, 8 data bits, 1 stop bit 
WAKE — Wake-Up Method Select 
1 = Address mark 
0 = Idle line 
Bits 2-0 — Not Implemented 
These bits always read zero. 



Serial Communications Control Register 2 (SCCR2) 

The SCCR2 provides the control bits that enable/disable 
individual SCI functions. 
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6 


5 


4 


3 


2 


1 


0 


TIE 


TCIE 


RIE 


1 LIE 


TE 


RE 


RWU 


SBK 


RESET 
0 


0 1 


0 


0 


0 


0 


0 


0 



TIE — Transmit Interrupt Enable 
1 = SCI interrupt if TDRE = 1 

0 = TDR interrupts disabled 

TCIE — Transmit-Complete Interrupt Enable 

1 = SCI interrupt if TC = 1 

0 = TC interrupts disabled 
RIE — Receive Interrupt Enable 

1 = SCI interrupt if RDRF or OR = 1 

0 = RDRF or OR interrupt disabled 
ILIE — Idle-Line Interrupt Enable 

1 = SCI interrupt if IDLE = 1 

0 = IDLE interrupts disabled 
TE — Transmit Enable 

1 = Transmit shift register output is applied to the 

TxD line 

0 = PD1 pin reverts to general-purpose I/O as soon 

as current transmitter activity finishes. 
RE — Receive Enable 

1 = Receiver enabled 

0 = Receiver disabled and RDRF, IDLE, OR, NF, and 
FE interrupts are inhibited 
RWU — Receiver Wake Up 

When set by user's software, this bit puts the receiver 
to sleep and enables the "wake-up" function. If the 
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WAKE bit is zero, RWU is cleared by the SCI logic 
after receiving 10 (M = 0) or 11 (M = 1) consecutive 
ones. If WAKE is one, RWU is cleared by the SCI logic 
after receiving a data word whose MSB is set. 
SBK — Send Break 

If this bit is toggled set and cleared, the transmitter 
sends 10 (M = 0) or 11 (M = 1) zeros and then reverts 
to idle or to sending data. If SBK remains set, the 
transmitter will continually send whole frames of 
zeros (sets of 10 or 11) until cleared. 

Serial Communications Status Register (SCSR) 

The SCSR provides inputs to the interrupt logic circuits 
for generation of the SCI system interrupts. 
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5 


4 


3 


2 


1 


0 


TDRE 


TC 


RDRF 


IDLE 


OR 


NF 


FE 


0 


RESET 
1 


1 


0 


0 


0 


0 


0 


0 



TDRE — Transmit Data Register Empty 

1 = Automatically set when contents of the serial 
communications data register was transferred 
to the transmit serial shift register 

0 = Cleared by a read of SCSR (with TDRE = 1) fol- 

lowed by a write to SCDR 
TC — Transmit Complete 

1 = Automatically set when all data frame, pream- 

ble, or break condition transmissions are com- 
plete 

0 = Cleared by a read of SCSR (with TC = 1) fol- 

lowed by a write to SCDR 
RDRF — Receive Data Register Full 

1 = Automatically set when a character is trans- 

ferred from the receiver shift register to the 
SCDR 

0 = Cleared by a read of SCSR (with RDRF=1) fol- 

lowed by a read of SCDR 
IDLE — Idle-Line Detect 

This bit is inhibited while RWU = 1. 

1 = Automatically set when the receiver serial input 

becomes idle after having been active 

0 = Cleared by a read of SCSR (with IDLE = 1) fol- 

lowed by a read of SCDR 
OR — Overrun Error 

1 = Automatically set when a new character cannot 

transfer from the receive shift register because 
the character in SCDR has not been read 



0 = Cleared by a read of SCSR (with OR = 1) fol- 

lowed by a read of SCDR 
NF — Noise Flag 

1 = Automatically set when majority voting logic 

does not bind unanimous agreement of all sam- 
ples in any bit in the received frame 

0 = Cleared by a read of SCSR (with NF=1) fol- 

lowed by a write to SCDR 
FE — Framing Error 

1 = Automatically set when a logic 0 is detected 

where a stop bit was expected 
0 = Cleared by a read of SCSR (with FE = 1 ) followed 
by a read of SCDR 
Bit 0 — Not Implemented 
This bit always reads zero. 



Baud-Rate Register (BAUD) 

This register is used to select different baud rates that 
may be used as the rate control for the receiver and trans- 
mitter. 
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RCKB 


SCR2 
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SCRO 


RESET 
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0 
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U 
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TCLR — Clear Baud-Rate Counters (Test) 

This bit is used to clear the baud-rate counter chain 

during factory testing. TCLR is zero and cannot be 

set while in normal operating modes. 
Bit 6 — Not Implemented 

This bit always reads zero. 
SCP1 and SCPO — SCI Baud-Rate Prescaler Selects 

These bits control a prescaler whose output provides 

the input to a second divider which is controlled by 

the SCR2-SCR0 bits. Refer to Table 4. 

RCKB — SCI Baud-Rate Clock Check (Test) 

This bit is used during factory testing to enable the 
exclusive-OR of the receiver clock and transmitter 
clock to be driven out the TxD pin. RCKB is zero and 
cannot be set while in normal operating modes. 

SCR2-SCR0 — SCI Baud-Rate Selects 

These bits select the baud rate for both the trans- 
mitter and the receiver. The prescaler output selected 
by SCP1 and SCPO is further divided by the setting 
of these bits. Refer to Table 5. 



Table 4. Prescaler Highest Baud-Rate Frequency Output 



SCP Bit 


Clock* 
Divided By 


Crystal Frequency (MHz) 


1 


0 


8.3886 


8.0 


4.9152 


4.0 


3.6864 


0 


0 


1 


131.072 K Baud 


125.000 K Baud 


76.80 K Baud 


62.50 K Baud 


57.60 K Baud 


0 


1 


3 


43.690 K Baud 


41.666 K Baud 


25.60 K Baud 


20.833 K Baud 


19.20 K Baud 


1 


0 


4 


32.768 K Baud 


31.250 K Baud 


19.20 K Baud 


15.625 K Baud 


14.40 K Baud 


1 


1 


13 


10.082 K Baud 


9600 Baud 


5.907 K Baud 


4800 Baud 


4430 Baud 



*The clock in the "Clock Divide By" column is the internal processor clock. 
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Table 5. Transmit Baud-Rate Output for a Given Prescaler Output 



SCR Bit 


Divided 
By 


Representative Highest Prescaler Baud-Rate Output 


2 


1 


0 


131.072 K Baud 


32.768 K Baud 


76.80 K Baud 


19.20 K Baud 


9600 Baud 


0 


0 


0 


1 


131.072 K Baud 


32.768 K Baud 


76.80 K Baud 


19.20 K Baud 


9600 Baud 


0 


0 


1 


2 


65.536 K Baud 


16.384 K Baud 


38.40 K Baud 


9600 Baud 


4800 Baud 


0 


1 


0 


4 


32.768 K Baud 


8.192 K Baud 


19.20 K Baud 


4800 Baud 


2400 Baud 


0 


1 


1 


8 


16.384 K Baud 


4.096 K Baud 


9600 Baud 


2400 Baud 


1200 Baud 


1 


0 


0 


16 


8.192 K Baud 


2.048 K Baud 


4800 Baud 


1200 Baud 


600 Baud 


1 


0 


1 


32 


4.096 K Baud 


1.024 K Baud 


2400 Baud 


600 Baud 


300 Baud 


1 


1 


0 


64 


2.048 K Baud 


512 Baud 


1200 Baud 


300 Baud 


150 Baud 


1 


1 


1 


128 


1.024 K Baud 


256 Baud 


600 Baud 


150 Baud 


75 Baud 




SERIAL PERIPHERAL INTERFACE 

The serial peripheral interface (SPI) is a high-speed syn- 
chronous serial I/O system. The transfer rate is software 
selectable up to one-half of the MCU E clock rate. The 
SPI may be used for simple I/O expansion or to allow 
several MCUsto be interconnected in a multimaster con- 
figuration. Clock phase and polarity are software pro- 
grammable to allow direct compatibility with a large 
number of peripheral devices. 

Four basic signal lines are associated with the SPI sys- 
tem. These are the master-out-slave-in (MOSI), the mas- 
ter-in-slave-out (MISO), the serial clock (SCK), and the 



slave select (SS). When data is written to the SPI data 
register of a master device, a transfer is automatically 
initiated. A series of eight SCK clock cycles are generated 
to synchronize data transfer. 

When a master device transmits data to a slave device 
via the MOSI line, the slave device responds by sending 
data to the master device via the MISO line. This implies 
full duplex transmission with both data out and data in 
synchronized with the same clock signal. The byte trans- 
mitted is replaced by the byte received, thereby elimi- 
nating the need for separate transmit-empty and receiver- 
full status bits. Figure 6 shows a block diagram of the 
SPI. 



INTERNAL 
MCU CLOCK 




SPI INTERRUPT 
REQUEST 



Figure 6. SPI Block Diagram 
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SPI REGISTERS 

There are three registers in the SPI that provide control, 
status, and data-storage functions. These registers are 
described in the following paragraphs. 

Serial Peripheral Control Register (SPCR) $1028 
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6 


5 


4 


3 


2 


1 


0 


SPIE 


SPE 


DWOM 


MSTR 


CPOL 


CPHA 


SPR1 


SPRO 


RESET 
0 


0 


0 


0 


0 


1 


U 


u 



SPIE — Serial Peripheral Interrupt Enable 
1 = SPI interrupt if SPIF=1 

0 = SPIF interrupts disabled 

SPE — Serial Peripheral System Enable 

1 = SPI system on 

0 = SPI system off 

DWOM — Port D Wire-OR Mode Option 

This bit affects all six port D pins together. 

1 = Port D outputs act as open-drain outputs 

0 = Port D outputs are normal CMOS outputs 
MSTR — Master Mode Select 

1 = Master mode 

0 = Slave mode 
CPOL — Clock Polarity 

This bit selects the polarity of the SCK clock. 

1 = SCK line idles high 
0 = SCK line idles low 

CPHA — Clock Phase 

This bit selects one of two fundamentally different 
clock protocols. Refer to Figure 7. 



If CPHA = 0, transfer begins when SS goes low and 
ends when SS goes high after eight clock cycles on 
SCK. If CPHA= 1, transfer begins the first time SCK 
becomes active while SS is low and ends when the 
SPIF flag gets set. 
SPR1 and SPRO — SPI Clock Rate Select 

These two bits select one of four baud rates to be 
used as SCK if the SPI is set as the master. They have 
no effect in the slave mode. 



SPR1 


SPRO 


Internal Processor Clock Divide By 


0 


0 


2 


0 


1 


4 


1 


0 


16 


1 


1 


32 



Serial Peripheral Status Register (SPSR) $1029 
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SPIF 


WC0L 


0 


MODF 


0 


0 


0 


0 


RESET 
0 


0 


0 


0 


0 


0 


0 


0 



SPIF — SPI Transfer Complete Flag 

1 =Automatically set when data transfer is com- 
plete between processor and external device 

0 = Cleared by a read of SPSR (with SPIF = 1 ), fol- 

lowed by an access (read or write) of the SPDR 
WCOL — Write Collision 

1 = Automatically set when an attempt is made to 

write to the SPI data register while data is being 
transferred 




SS 



SCK 



SCK 



SCK 



SCK 
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INTERNAL STROBE FOR DATA CAPTURE (AIL MODES) 

Figure 7. Data Clock Timing Diagram 
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0 = Cleared by a read of SPSR (with WCOL = 1), fol- 

lowed by an access (read or write) of the SPDR 

Bit 5 — Not Implemented 
This bit always reads zero. 

MODF — Mode Fault 

This bit indicates the possibility of a multi-master 
conflict for system control and therefore allows a 
proper exit from system operation to a reset or de- 
fault system state. 

1 = Automatically set when a master device has its 

SS pin pulled low 
0 = Cleared by a read of SPSR (with MODF = 1), fol- 
lowed by a write to the SPCR. 
Bits 3-0 — Not Implemented 
These bits always read zero. 

Serial Peripheral Data I/O Register (SPDR) 

This register is used to transmit and receive data on 
the serial bus. A write to this register in a master will 
initiate transmission/reception of another byte. A slave 
writes data to this register for later transmission to a 
master. When transmission is complete, the SPIF status 
bit is set in both the master and slave device. When a 
read is performed on the SPDR, a buffer is actually being 
read. The first SPIF must be cleared by the time a second 
transfer of data from the shift register to the read buffer 
is initiated, or an overrun condition will exist. In case of 
an overrun, the byte causing the overrun is lost. 



ANALOG-TO-DIGITAL CONVERTER 

The MCU contains an 8-channel, multiplexed-input, 
successive approximation, analog-to-digital (A/D) con- 
verter with sample and hold. Two dedicated lines (Vr|_, 
and Vrh) are provided for the reference supply voltage 
input. These pins are used instead of the device power 
pins to increase the accuracy of the A/D conversion. 

The 8-bit A/D conversions of the MCU are accurate to 
within ±1 LSB (±1/2 LSB quantizing errors and ±1/2 
LSB all other errors combined). Each conversion is ac- 
complished in 32 MCU E-clock cycles. An internal control 
bit allows selection of an internal conversion clock os- 
cillator that allows the A/D to be used with very low MCU 
clock rates. Atypical conversion cycle requires 16 micro- 
seconds to complete at a 2-MHz bus frequency. 

Four result registers are included to further enhance 
the A/D subsystem along with control logic to control 
conversion activity automatically. A single write instruc- 
tion selects one of four conversion sequences, resulting 
in a conversion complete flag after the first four conver- 
sions. The sequences are as follows: 

1) Convert one channel four times and stop, se- 
quential results placed in the result registers. 

2) Convert one group of four channels and stop, each 
result register is dedicated to one channel. 

3) Convert one channel continuously, updating the 
result registers in a round-robin fashion. 

4) Convert one group of four channels (round-robin 
fashion) continuously, each result register is ded- 
icated to one channel. 



INSTRUCTION SET 

The MCU can execute all of the M6800 and M6801 
instructions. In addition to these instructions, 91 new op- 
codes are provided by the paged opcode map. These 
instructions can be divided into five different types: 1) 
accumulator and memory, 2) index register and stack 
pointer, 3) jump, branch, and program control, 4) bit ma- 
nipulation, and 5) condition code register instructions. 
The following paragraphs briefly explain each type. 

ACCUMULATOR/MEMORY INSTRUCTIONS 

Most of these instructions use two operands. One op- 
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The accumulator/memory instruc- 
tions can be divided into four subgroups: 1) load/store/ 
transfer, 2) arithmetic/math, 3) logical, and 4) shift/rotate. 
The following paragraphs describe the different groups 
of accumulator/memory instructions. 

Load/Store/Transfer 

Refer to the following table for load/store/transfer in- 
structions. 



Function 


Mnemonic 


Clear Memory Byte 


CLR 


Clear Accumulator A 


CLRA 


Clear Accumulator B 


CLRB 


Load Accumulator A 


LDAA 


Load Accumulator B 


LDAB 


Load Double Accumulator D 


LDD 


Push A onto Stack 


PSHA 


Push B onto Stack 


PSHB 


Pull A from Stack 


PULA 


Pull B from Stack 


PULB 


Store Accumulator A 


STAA 


Store Accumulator B 


STAB 


Store Accumulator D 


STD 


Transfer A to B 


TAB 


Transfer A to CC Register 


TAP 


Transfer B to A 


TBA 


Transfer CC Register to A 


TPA 


Exchange D with X 


XGDX 


Exchange D with Y 


XGDY 



Logical 

This group is used to make comparisions, decisions, 
and extractions of data. Refer to the following list for the 
logical instructions. 



Function 


Mnemonic 


AND A with Memory 


ANDA 


AND B with Memory 


ANDB 



• Continued — 
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Function 


Mnemonic 


Bit(s) Test A with Memory 


BITA 


Bit(s) Test B with Memory 


BITB 


Ts Complement Memory Byte 


COM 


1's Complement A 


COMA 


1's Complement B 


COMB 


Exclusive OR A with Memory 


EORA 


Exclusive OR B with Memory 


EORB 


OR Accumulator A (Inclusive) 


ORAA 


OR Accumulator B (Inclusive) 


ORAB 



Shift/Rotate 

The shift and rotate instructions automatically operate 
through the carry bit, which allows easy extension to 
multiple bytes. Refer to the following list for the shift/ 
rotate instructions. 



Function 


Mnemonic 


Arithmetic Shift Left 


ASL 


(Logical Shift Left) 


(LSD 


Arithmetic Shift Left A 


AS LA 


(Logical Shift Left Accumulator A) 


(LSLA) 1 


Arithmetic Shift Left B 


ASLB 


(Logical Shift Left Accumulator B) 


(LSLB) 


Arithmetic Shift Left Double 


ASLD 


(Logical Shift Left Double) 


(LSLD) 


Arithmetic Shift Right 


ASR 


Arithmetic Shift Right A 


ASRA 


Arithmetic Shift Right B 


ASRB 


Logical Shift Right 


LSR 


Logical Shift Right Accumulator A 


LSRA 


Logical Shift Right Accumulator B 


LSRB 


Logical Shift Right Double 


LSRD 


Rotate Left 


ROL 


Rotate Left Accumulator A 


ROLA 


Rotate Left Accumulator B 


ROLB 


Rotate Right 


ROR 


Rotate Right Accumulator A 


RORA 


Rotate Right Accumulator B 


RORB 


Arithmetic/Math 

Refer to the following table for the arithmetic/math in- 
structions. 


Function 


Mnemonic 


Add Accumulators 


ABA 


Add B to X 


ABX 




Continued — 



Function 


Mnemonic 


Add B to Y 


ABY 


Add with Carry to A 


ADCA 


Add with Carry to B 


ADCB 


Add Memory to A 


ADDA 


Add Memory to B 


ADDB 


Add 16-Bit to D 


ADDD 


Compare A to B 


CBA 


Compare A to Memory 


CMPA 


Compare B to Memory 


CMPB 


Compare D to Memory (16 Bit) 


CPD 


Decimal Adjust A 


DAA 


Decrement Memory Byte 


DEC 


Decrement Accumulator A 


DECA 


Decrement Accumulator B 


DECB 


Fractional Divide 16 x 16 


FDIV 


Integer Divide 16x16 


IDIV 


Increment Memory Byte 


INC 


Increment Accumulator A 


INCA 


Increment Accumulator B 


INCB 


Multiply 8x8 


MUL 


2's Complement Memory Byte 


NEG 


2's Complement A 


NEGA 


2's Complement B 


NEGB 


Subtract B from A 


SBA 


Subtract with Carry from A 


SBCA 


Subtract with Carry from B 


1 SBCB 


Subtract Memory from A 


SUBA 


Subtract Memory from B 


SUBB 


Subtract Memory from D 


SUBD 


Test for Zero or Minus 


TST 


Test for Zero or Minus A 


TSTA 


Test for Zero or Minus B 


TSTB 



INDEX-REGISTER AND STACK-POINTER INSTRUCTIONS 

These instructions provide a method for storing data 
and for manipulation of index register, stack pointer, and 
individual segments of data within the register and stack 
pointer. Refer to the following list for the index-register 
and stack-pointer instructions. 



Function 


Mnemonic 


Add B to X 


ABX 


Add B to Y 


ABY 


Compare X to Memory (16 Bit) 


CPX 


Compare Y to Memory (16 Bit) 


CPY 



— Continued — 
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Function 


Mnemonic 


Decrement Stack Pointer 


DES 


Decrement Index Register X 


DEX 


Decrement Index Register Y 


DEY 


Increment Stack Pointer 


INS 


Increment Index Register X 


INX 


Increment Index Register Y 


INY 


Load Index Register X 


LDX 


Load Index Register Y 


LDY 


Load Stack Pointer 


LDS 


Push X onto Stack (Low First) 


PSHX 


Push Y onto Stack (Low First) 


PSHY 


Pull X from Stack (High First) 


PULX 


Pull Y from Stack (High First) 


PULY 


Store Stack Pointer 


STS 


Store Index Register X 


STX 


Store Index Register Y 


STY 


Transfer Stack Pointer to X 


TSX 


Transfer Stack Pointer to Y 


TSY 


Transfer X to Stack Pointer 


TXS 


Transfer Y to Stack Pointer 


TYS 


Exchange D with X 


XGDX 


Exchange D with Y 


XGDY 



BIT-MANIPULATION INSTRUCTIONS 

The MCU is capable of setting or clearing any bit re- 
siding in the first 256 bytes of the memory space in direct 
address mode. The MCU can use any bit in the 64K mem- 
ory map, and all bit-manipulation instructions can be used 
with direct or index (x or y) addressing modes. Software 
can configure the memory map so that internal RAM, 
and/or internal registers, or external memory space can 
occupy these addresses. The bit-manipulation instruc- 
tions use an 8-bit mask, which allows simultaneous op- 
erations on any combination of bits in a location. Refer 
to the following list for the bit-manipulation instructions. 



Function 


Mnemonic 


Clear Bit(s) 


BCRL 


Branch if Bit(s) Clear 


BRCRL 


Branch if Bit(s) Set 


BRSET 


Set Bit(s) 


BSET 



JUMPS/BRANCHES/PROGRAM-CONTROL INSTRUC- 
TIONS 

These instructions provide techniques for modifying 
the normal sequence of the program for conditional and 
unconditional branching. Refer to the following list for 
the jump/branch/program-control instructions. 



Function 


Mnemonic 


Branch if Carry Clear 


BCC 


(Branch if Higher or Same) 


(BHS) 


Branch if Carry Set 


BCS 


(Branch if Lower) 


(BLO) 


Branch if = zero 


BEQ 


Branch ifszero 


BGE 


Branch if)zero 


BGT 


Branch if Higher 


BHI 


Branch if^Zero 


BLE 


Branch if Lower or Same 


BLS 


Branch if<Zero 


BLT 


Branch if Minus 


BMI 


Branch if not = Zero 


BNE 


Branch if Plus 


BPL 


Branch Always 


BRA 


Branch if Bit(s) Clear 


BRCLR 


Branch Never 


BRN 


Branch if Bit(s) Set 


BRSET 


Branch to Subroutine 


BSR 


Branch if Overflow Clear 


BVC 


Branch if Overflow Set 


BVS 


Jump 


JMP 


Jump to Subroutine 


JSR 


No Operation 


NOP 


Return from Interrupt 


RTI 


Return from Subroutine 


RTS 


Stop Internal Clocks 


STOP 


Software Interrupt 


SWI 


Test Operation (Test Mode Only) 


TEST 


Wait for Interrupt 


WAI 


CONDITION-CODE-REGISTER INSTRUCTIONS 


These instructions are register reference instructions 
and are used to control processor operation during 
program execution. Refer to the following list for the 
condition-code-register instructions. 


Function 


Mnemonic 


Clear Carry Bit 


CLC 


Clear Interrupt Mask 


CLI 


Clear Overflow Flag 


CLV 


Set Carry 


SEC 


Set Interrupt Mask 


SEI 


Set Overflow Flag 


SEV 


Transfer A to CC Register 


TAP 


Transfer CC Register to A 


TPA 
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OPCODE MAP SUMMARY 

Table 6 is an opcode map for the instructions used on 
the MCU. 



the opcode byte. These are three or four (if prebyte is 
required) byte instructions: one or two for the' opcode 
and two for the effective address. 



ADDRESSING MODES 

The MCU uses six different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. Some instructions require an ad- 
ditional byte before the opcode to accommodate a mul- 
tipage opcode map; this byte is called a prebyte. 

The term "effective address" (EA) is used in describing 
the various addressing modes. Effective address is de- 
fined as the address from which the argument for an 
instruction is fetched or stored. The following paragraphs 
describe the different addressing modes. 



INDEXED 

In the indexed addressing mode, one of the index reg- 
isters (X or Y) is used in calculating the effective address. 
In this case, the effective address is variable and depends 
on two factors: 1) the current contents of the index reg- 
ister (X or Y) being used, and 2) the 8-bit unsigned offset 
contained in the instruction. This addressing mode al- 
lows referencing any memory location in the 64K byte 
address space. These are usually two or three (if prebyte 
is required) byte instructions, the opcode plus the 8-bit 
offset. 



IMMEDIATE 

In the immediate addressing mode, the operand is con- 
tained in the byte immediately following the opcode. 
These are two, three, or four (if prebyte is required) byte 
instructions. 

DIRECT 

In the direct addressing mode, the least-significant byte 
of the operand address is contained in a single byte fol- 
lowing the opcode and the most-significant byte of an 
address is assumed to be $00. Direct addressing allows 
the user to directly address $0000 through $00FF using 
two-byte instructions, and execution time is reduced by 
eliminating the additional memory access. In most ap- 
plications, this 256-byte area is reserved for frequently 
referenced data. In the MCU, software can configure the 
memory map so that internal RAM, and/or internal reg- 
isters, or external memory space can occupy these ad- 
dresses. 

EXTENDED 

In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 



RELATIVE 

The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8- 
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. These 
are usually two-byte instructions. 

INHERENT 

In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in- 
structions are one- or two-byte instructions. 

PREBYTE 

To expand the number of instructions used in the MCU, 
a prebyte instruction has been added to certain instruc- 
tions. The instructions affected are usually associated with 
index register Y. Accessing opcodes from page 2, 3, or 4 
would require a prebyte instruction. 
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1 f r>00 



Table 6. Opcode Map 






















ACCA 


ACCB 






INH 


REL 


INH 


ACCA 


ACCB 


(Y| 
INDX 


EXT 


IMM 


DIR 


m 

INDX 


EXT 


IMM 


DIR 


IY) 
INDX 


EXT 




HI 


0 

0000 


1 

0001 


2 

0010 


3 

0011 


4 

0100 


5 

0101 


6 

0110 


7 

0111 


8 

1000 


9 

1001 


A 

1010 


B 


C 

1100 


D 

1101 


E 

1110 


F 

mi 


HI 


0 




2 

SBA 


BRA 3 


(21 3 

TSX(Y) 


NEGA 2 


NEGB 3 


(31 6 

NEG 


6 

NEG 


SUBA 1 

2 


SUBA 3 

2 


SUBA 


SUBA 

3 


SUBB 7 

2 


SUBB 3 

7 


SUBB 


SUBB 


0 


1 


2 

NOP 


CBA 


3 

BRN 

2 


3 

INS 










CMPA 7 

2 


CMPA 

2 


CMPA 


CMPA 

3 


CMPB 7 

2 


CMPB 3 

7 


CMPB 


CMPB 


1 


2 


IDIV 


BRSET 


3 

BHI 

2 


PULA 










SBCA 

2 


SBCA 

7 


SBCA 


SBCA 

3 


SBCB 

2 


SBCB 3 

2 


SBCB 


SBCB 

3 


2 


3 


FDIV 


BRCLR 


BLS 3 

2 


PULB 


2 

COMA 


2 

COMB 


COM 


COM 

3 


3 SUBD 


? SUBD 


7 SUBD |7I 


3 SUBD 


ADDD 

3 


ADDD 5 


ADDD 


ADDD 

3 


3 


4 


3 

LSRD 


BSET 

3 


IBHSI 3 


DES 


2 

LSRA 


2 

LSRB 


LSR 


LSR 

3 


ANDA 2 

2 


ANDA 3 

2 


ANDA 


ANDA 

3 


ANDB 

2 


ANDB 3 

2 


ANDB 


ANDB 

3 


4 


5 


(LSLD) 3 
, ASLD 


BCLR 

3 


(BLO) 3 


(21 3 
TXIY1S 










BITA ? 

2 


BITA 3 

2 


BITA 


BITA 

3 


BITB 

2 


BITB 3 

2 


BITB 


BITB 

3 


5 


6 


2 

TAP 


2 

TAB 


3 

BNE 

2 


3 

PSHA 


2 

RORA 


2 

RORB 


ROR 


ROR 


LDAA 2 

2 


LDAA 3 

2 


LDAA 


LDAA 

3 


LDBB 2 

2 


LDBB 3 

2 


LDBB 


LDBB 

3 


6 


7 


2 

TPA 


2 

TBA 


3 

BEQ 

2 


3 

PSHB 


2 

ASRA 


2 

ASRB 


31 6 

ASR 


ASR 

3 




STAA 3 

2 


STAA 


STAA 

3 




STBB 3 

2 


STBB 


STBB 

3 


7 


8 


I2l '31 

INX(Y) 


PAGE 2 


3 

BVC 

2 


(21 5 

PULXIYI 


2 

ASLA 


ASLB 


ASL 


ASL 


EORA 2 

2 


EORA 

2 (5) 


EORA 


EORA 

3 


EORB 


EORB 3 


EORB 


EORB 

3 


8 


9 


121 3 

DEX(Y) 


2 

DAA 


BVS 


5 

RTS 


2 

ROLA 


2 

ROLB 


ROL 


ROL 


ADCA 2 

2 


ADCA 3 

2 


ADCA 


ADCA 

3 


ADCB 

2 


ADCB 3 


ADCB 


ADCB 


9 


A 


2 

CLV 


PAGE 3 


3 

BPL 

2 


(2) 3 

ABXIYI 


DECA 


2 

DECB 


DEC 


DEC 


2 

DRAA 


DRAA 3 


ORAA 


ORAA 


ORAB 2 

2 


ORAB 3 

2 


ORAB 


ORAB 

3 


A 


B 

ion 


2 

SEV 


2 

ABA 


3 

BMI 

2 


12 

RTI 










2 

ADDA 


3 

ADDA 


ADDA 


ADDA 

3 


2 

ADDB 

2 


3 

ADDB 

2 


ADDB 


ADDB 


B 


C 

1100 


CLC 2 


BSET 

3 iai 


BGE 3 

2 


' PSHXIYI 


2 

INCA 


JNCB 1 


INC 


INC 


CPX(Y) 


5 

CPXIYI 

2 


2 CPXIYI , 7 , 


CPXIYI 

3 


LDD 3 

3 


LDD 

2 


LDD 


5 

LDD 

3 


C 


D 

1101 


2 

SEC 


BCLR 

3 18) 


3 

BLT 

2 


MUL 


2 

TSTA 


TSTB 2 


TST 


TST 

3 


6 

BSR 

2 


JSR 


JSR 


k 

JSR 


PAGE 4 


STD 

2 


STD 


STD 5 

3 


D 


E 

1110 


2 

CLI 


151 7 

BRSET 

4 I Si 


BGT 3 

2 


WAI 






3i 3 

JMP 


JMP 


3 

LDS 


LDS 


LDS 


LDS 


3 

LDXIYI 

3 


LDXIYI 

7 


LDXIYI 


5 

LDXIYI 

3 


E 


F 

mi 


2 

SEI 


(51 7 

BRCLR 

4 (8( 


3 

BLE 

2 


SWI 


CLRA 


2 

CLRB 


(3- e 
CLR 

2 (71 


CLR 

3 


(2. 3 

XGDxm 


STS 

2 


STS 

2 i6i 


STS 

3 


STOP 2 


(3i 4 

STXIYI 

7 (bl 


STXIYI 

2 161 


(41 . 5 

3 STXIYI , 61 


F 



o 

CO 

I 

o 

CO 



' Page 3 and 4 Opcode Reference 



INH Inherent 

REL Relative 

IMM Immediate 

EXT Extended 

DIR Direct 

INDXIYI Index XIYI 



Mnemonic 


Page 


Opcode 


Bytes 


Cycles 


CPD 


3 


83 


4 


5 




3 


93 


3 


6 




3 


B3 


4 


7 




3 


A3 


3 


7 _, 




4 


A3 


3 


7 


CPY 


3 


AC 


3 


7 


CPX 


4 


AC 


3 


7 


LDY 


3 


EE 


3 


6 


LDX 


4 


EE 


3 


6 


STY 


3 


EF 


3 


6 


STX 


4 


EF 


3 


6 



Bytes (Y) ■ 
MNEMONIC ■ 
Bytes • 



Page 3 and 4 Opcode Reference 



# Cycles 



>-INX(Y) 
4>1 / \ W-k # Cycles (Y) 



Y (Page 2 Opcode) 



MC68HC811E2 



ELECTRICAL SPECIFICATIONS 



MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


V D D 


-0.3 to +7.0 


V 


Input Voltage 


v in 


-0.3 to +7.0 


V 


Operating Temperature Range 
MC68HC811E2 
MC68HC811E2V 
MC68HC811E2M 


ta 


T L to T(-| 

-40 to 85 
-40 to 105 
-40 to 125 


°C 


Storage Temperature Range 


T stq 


-55 to 150 


°c 


Current Drain per Pin* 
Excluding Vdd- v SS< Vrh. and Vrl 


id 


25 


mA 


*One pin at a time, observing maximum power dissipation limits. 
THERMAL CHARACTERISTICS 


Characteristic 


Symbol 


Value 


Unit 


Thermal Resistance 
Plastic 52-Pin Quad Pack (PLCC) 


8JA 


50 


°C/W 



This device contains circuitry to protect the in- 
puts against damage due to high static voltages 
or electric fields; however, it is advised that nor- 
mal precautions be taken to avoid application of 
any voltage higher than maximum-rated volt- 
ages to this high-impedance circuit. Reliability 
of operation is enhanced if unused inputs are 
tied to an appropriate logic voltage level (e g , 
either GND or Vqq). 



POWER CONSIDERATIONS 

The average chip-junction temperature, Tj, in °C can 
be obtained from: 



where: 

ta 

9JA 
PD 

pint 

P|/0 



Tj=T A +(PD-6jA) 



(1) 



= Ambient Temperature, °C 

= Package Thermal Resistance, Junction-to- 

Ambient, °C/W 
= P|NT+P|/0 

= IDD x VdD» Watts — Chip Internal Power 
= Power Dissipation on Input and Output Pins, 
Watts — User Determined 



For most applications P|/0<P|NT an d can De neglected. 
The following is an approximate relationship between 

Pq and Tj (if P|/o is neglected): 

PD = K-(Tj + 273°C) (2) 

Solving equations (1) and (2) for K gives: 

K = PD-(TA + 273 0 C) + e JA -PD 2 < 3 > 
where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring Pq 
(at equilibrium) for a known Ta- Using this value of K, 
the values of Pq and Tj can be obtained by solving equa- 
tions (1) and (2) iteratively for any value of Ta- 



MOTOROLA MICROPROCESSOR DATA 



MC68HC811E2 



DC ELECTRICAL CHARACTERISTICS (V DD = 5.0 Vdc±10%, V S s = 0 Vdc, T A = T L to Th, unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Output Voltage All Outputs 
l Load= ±10.0 m-A (see Note 1) All Outputs Except RESET and MODA 


Vol 
voh 


Vdd-o.1 


0.1 


V 


Output High Voltage All Outputs Except RESET, 
l Lo ad= -0.8 mA, V DD = 4.5 V (see Note 1) XTAL, and MODA 


VOH 


v D d -0.8 


— 


V 


Output Low Voltage All Outputs Except XTAL 
lLoad = 1'6 mA 


vol 




0.4 


V 


Input High Voltage All Inputs Except RESET 

RESET 


V|H 


0.7 x Vdd 

0.8xV DD 


vdd 
v D d 


V 


Input Low Voltage All Inputs 


V|L 


vss 


0.2 x Vdd 


V 


I/O Ports, Three-State Leakage PA3, PA7, PC0-PC7, PD0-PD5, 
V m = V| H or V| L AS/STRA, MODA/LIR, RESET 


ioz 




±10 


u.A 


Input Current (see Note 2) 
Vm = VDD°rVss PA0-PA3, IRQ, XIRQ 
Vm = Vqd or Vss MODB/VsTBY 


■in 




±i 

±10 


^A 


RAM Standby Voltage Powerdown 


VSB 


4.0 


vdd 


V 


RAM Standby Current Powerdown 


'SB 




20 


H.A 


Total Supply Current (see Note 3) 
RUN: 
Single Chip 
Expanded Multiplexed 
WAIT: 

All Peripheral Functions Shut Down 
Single-Chip Mode 
Expanded Multiplexed Mode 

STOP: 

No Clocks, Single-Chip Mode 


Idd 

W|DD 
S|DD 


- 


15 
27 

6 
10 

100 


mA 
mA 

mA 
mA 

IxA 


Input Capacitance PA0-PA3, PE0-PE7, iRQ, XIRQ, EXTAL 
PA7, PC0-PC7, PD0-PD5, AS/STRA, MODA/LIR, RESET 


Cin 




8 
12 


pF 


Power Dissipation Single-Chip Mode 

Expanded-Multiplexed Mode 


PD 




85 
150 


mW 



NOTES: 

1- v OH specification for RESET and MODA is not applicable because they are open-drain pins. Voh specification not applicable to 
ports C and D in wire-OR mode. 

2. See A/D specification for leakage current for port E. 

3. All ports configured as inputs, 

V| L s0.2 V, 
V|H^V D D -0.2 V, 
No dc loads, 

EXTAL is driven with a square wave, and 
t C y C = 476.5 ns. 
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MC68HC811E2 



TEST . 
POINT 



T 



Equivalent Tast Load 1 



Pint 


R1 


R2 


CI 


PA3-PA7 
PB0-PB7 
PC0-PC7 
PDO, PD5 
E, AS, R/W 


3.26K 


2.38K 


90pF 


PD1-PD4 


3 26K 


2.38K 


200pF 



CLOCKS, 
STROBES 



~V DD » 

\ 04 Volts 



INPUTS 



0.4 Volts l ■ 



-NOM.- 



-NOMINAL TIMING - 



"DD- 



OUTPUTS 



¥ ss- 



D.C. TESTING 



V DD -0.8Volls 
Volts 



J — <U7« 

— 20% 



20%olV 



DD 



CLOCKS, 
STROBES 



*DD 



~~\ .20%ol 



INPUTS 



V SS" 



7 ' 01 v DD ; ■ 



-SPEC - 



70% ol V 



-70%ofV DD 
•20%olV nn 



DD 

-SPEC -A (SEE NOTE 2) 
— Vqd - O' 8 Vol 's 



-SPEC TIMING - 



V DD" 



OUTPUTS 



v ss- 



T - 'DP 
J —04 Volt: 



X70% ol ' 
20% oM 



A.C. TESTING 



NOTES: 

1. Full test loads are applied during all ac electrical test and ac timing measurements 

2. During ac timing measurements, inputs are driven to 0 4 volts and Vrjo - 0 8 volts while timing measurements are taken at the 
20% and 70% of Vqq points. 



Figure 8. Test Methods 
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CONTROL TIMING (V DD = 5.0 Vdc± 10%, Vss = 0 Vdc, Ta=T l to Th) 







1.0 MHz 


2.0 MHz 


2.1 MHz 




Characteristic 


Symbol 


Min 


Max 


Min 


Max 


Min 


Max 


Unit 


Frequency of Operation 


fo 


dc 


1.0 


dc 


2.0 


dc 


2.1 


MHz 


E Clock Period 


l cyc 


1000 




500 




476 




ns 


Crystal Frequency 


fXTAL 




4.0 




8.0 




8.4 


MHz 


External Oscillator Frequency 


4f 0 


dc 


4.0 


dc 


8.0 


dc 


8.4 


MHz 


Processor Control Setup tpcs = 1/4 t cyc -50 ns 
Time (See Figures 10, 12, and 13) 


IPCS 


200 


— 


75 


— 


69 


— 


ns 


Reset Input Pulse Width (To Guarantee External 
(see Note 1) Reset Vector) 
and Figure 10) (Minimum Input Time; 

May be Preempted by 
Internal Reset) 


PWRSTL 


8 
1 


- 
- 


8 
1 


- 

- 


8 
1 


- 

- 


tcyc 


Mode Programming Setup Time 
(See Figure 10) 


tMPS 


2 




2 




2 




tcyc 


Mode Programming Hold Time 
(See Figure 10) 


tMPH 


0 




0 




0 




ns 


Interrupt Pulse Width, PW|RQ = t cyc + 20 ns 
IRQ Edge Sensitive Mode 
(See Figure 11 and 13) 


PW|RQ 


1020 




520 




496 




ns 


Wait Recovery Startup Time 
(See Figure 12) 


tWRS 




4 




4 




4 


tcyc 


Timer Pulse Width PWTiM =t cyc + 20 ns 
Input Capture, Pulse Accumulator Input 
(See Figure 9) 


PWjim 


1020 




520 




496 




ns 



NOTES: 

1 . RESET will be recognized during the first clock cycle it is held low. Internal circuitry then drives the pin low for four clock cycles, 
releases the pin, and samples the pin level two cycles later to determine the source of the interrupt. See RESETS, INTERRUPT, 
AND LOW-POWER MODES for details. 

2. All timing is shown with respect to 20% Vdd and 70% V DD unless otherwise noted. 



J V_7 V 

NOTES. 
1. Rising edge sensitive input. 

2 Falling edge sensitive input. 

3 Maximum pulse accumulator clocking rate is E frequency divided by 2 

Figure 9. Timer Inputs Timing Diagram 



PAO - PA3 1 



PAO - PA3* \ 

PA7 1,3 f 

PA7 2,3 """"" 



A 1 



\ ) 
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DD 



EXTAL 



[—4064 l cyc — 

njTrLruTj^aru^njmn^ 

'pcs-*j 



RESET 



/ 



pwrstl- 



MODA, MOOB 



— imps- 



'MPH 



NOTE Refer to Table 9-7 for pin states during RESET 

Figure 10. POR External Reset Timing Diagram 




INTERNAL 
CLOCKS 



IRQ 



I RQ, 
XIRQ 



\ 



AS 



JUL 



-PWlRQ- 



' STOPDELAY ' 



-TUTU. 



STOP \ 

address/ 


/ STOP 
k AD0RESS»1 


-N 


S 


STOP ^ 
ADDRESS. 1 






-\ 


\ 




STOP \ 
ADDRESS/ 


f STOP 
k ADORE SS+1 


-S 


S 


STOP ^ 
ADORE SS*1 j 






-N 


s 





rUL_LJL_fLXJ_A^JUL_ 
BOOOOOC 



Resume program with instruction which lollows the STOP instruction 



NOTES: 

1. Edge sensitive IRQ pin (IRQE bit = 1) 

2. Level sensitive IRQ pin (IRQE bit = 0) 

3- ISIOPDELAY = 4064 t cyc if DLY bit = 1 or 4 t cyc if DLY = 0. 

4. XIQ wit h X b it in CCR = 1. 

5. IRQ or (XIRQ with X bit in CCR = 0. 



^Yspsp,Y sP-aYsP-aY^^X^ 

IRQ VECTOR 
(XIRQ VECTOR) 



Figure 11. Stop Recovery Timing Diagram 



MOTOROLA MICROPROCESSOR DATA 



o icon 



MC68HC811E2 



^jrnruinxu^JVirLjmrLrLn 

IRQ. XiRQ, S N" 

OR INTERNAL 



INTERRUPTS 



1 WRS • 



ADDRESS (^)(^)(y Y^\ SP-2 \spT)(1p7)(sP.8 

| t PCI PCH YL, YH. XL, XH, A. B. CC 



R/W 



V 



STACK REGISTERS 



F 



NOTES 

1 Refer t o Table 9-7 for pin states during WAIT 

2 RESET will also cause recovery from WAIT 



Figure 12. WAIT Recovery from Interrupt Timing Diagram 





• LAST CYCLE OF AN INSTRUCTION 



mji_m~Lrmj^~urLJurLrL^~mji 

■*! K'pcs I 




address x^)C^" jC^y^y^^^ 



NEW 
PC 



- il_JLXJUUl_JLJLJl_OLXJl_fl_JLJL 



DATA 



R/W 



NOTES 

1 Edge sensitive IRQ pin (IRQE bit = 1) 

2 Level sensitive IRQ pin (IRQE bit = 0) 



Figure 13. Interrupt Timing Diagram 



MOTOROLA MICROPROCESSOR DATA 
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MC68HC811E2 



3 



MCU WRITE TO PORT • 



PORTA 



PORTS 
A,C 1 , D 



PORT E 



PORTS 

BOD PREVIOUS PORT DATA 



ffi; 



J 



NEW DATA VALID 





" — 'PWD — ' 




PREVIOUS PORT DATA 




' NEW DATA VALID 



Figure 14. Port Write Timing Diagram 



MCU READ OF PORT- 



\ f \ / 



*" 1 PDSU <*~ ' priH * 



NOTE1 For non-latched operation of Port C 

Figure 15. Port Read Timing Diagram 



MCU WRITE TO PORT B 



\ f X / 



Ma ; 



PORT B PREVIOUS PORT DATA 



NEW DATA VALID 



"DEB" 



STRB (OUT) 



Figure 16. Simple Output Strobe Timing Diagram 
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STRA (IN) 



I 



PORT C (IN) 



Figure 17. Simple Input Strobe Timing Diagram 



"READY" 



STRB (OUT) 



STRA (IN) 



^•-'aes- 



•-tie-* 



PORT C (IN) • 



|« READ PORTCL 1 »| 



i-'deb-I 



•-'deb-I 



/ 



NOTES: 

1 After reading PIOC with STAF set 

2. Figure shows rising edge STRA (EGA= 1) and high true STRB (INVB= II 

Figure 18. Port C Input Handshake Timing Diagram 



-WRITE PORTCL 



a n h r \ / 



PORTC 
(OUT) 



deb- 



STRB (OUT) 



"READY " 



'AES 



STRA ( 



•-'deb- 



\ 



NOTES 

1. After reading PIOC with STAF set 

2 Figure shows rising edge STRA (EGA = 1 ) and high true STRB (INVB = 1 ) 



Figure 19. Port C Output Handshake Timing Diagram 



MOTOROLA MICROPROCESSOR DATA 
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MC68HC811E2 



|« — WRITE PORTCL 1 »j 



'PWD' 



PORT C (OUT) 
(DDR.1) 



STRB (OUT) 



STRA (IN) 



r— - 1 pcd 



^-'deb-^ 



"READY * 



■ a) STRA ACTIVE BEFORE PORTCL WRITE 



STRA (IN) 



PORT C (OUT) 
(DDR.1) 



'PCD' 



» K- 



I^'aes-* 



J 



'PCH' 



-'pcz- 



J 



m 



•-'pcz-* 



■ b) STRA ACTIVE AFTER PORTCL WRITE 



NOTES 

1 After reading PIOC with STAF set 

2 Figure shows rising edge STRA (EGA = 1 ) and high true STRB (INVB = 1 ) 



Figure 20. Three-State Variation of Output Handshake Timing Diagram 
(STRA Enables Output Buffer) 
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PERIPHERAL PORT TIMING (V DD = 5.0 Vdc±10%, V S s = 0 Vdc, T A =T L to T H ) 







1.0 MHz 


2.0 MHz 


2.1 MHz 


Unit 


Characteristic 


Symbol 


Min 


Max 


Min 


Max 


Min 


Max 


Frequency of Operation (E Clock Frequency) 


fo 


1.0 


1.0 


2.0 


2.0 


2.1 


2.1 


MHz 


E Clock Period 


l cyc 


1000 




500 




476 




ns 


Peripheral Data Setup Time 
(MCU Read of Ports A, C, D, and E) 
(See Figure 15) 


tPDSU 


100 




100 




100 




ns 


Peripheral Data Hold Time 
(MCU Read of Ports A, C, D, and E) 
(See Figure 15) 


tPDH 


50 





50 





50 





ns 


Delay Time, Peripheral Data Write 
(See Figures 14, 16, 18, and 19) 
MCU Write to Port A 
MCU Writes to Ports B, C, and D 
tpwD = 1/4t cyc + 90 ns 


tpwD 


— 


150 
340 


— 


150 
215 


— 


150 
209 


ns 


Input Data Setup Time (Port C) 
(See Figures 17 and 18) 


t|S 


60 




60 




60 




ns 


Input Data Hold Time (Port C) 
(See Figures 17 and 18) 


t|H 


100 




100 




100 




ns 


Delay Time, E Fall to STRB 
tDEB=1/4 t cyc + 100 ns 
(See Figure 16, 18, 19, and 20) 


l DEB 




350 




225 




219 


ns 


Setup Time, STRA Asserted to E Fall (see Note 1) 
(See Figures 18, 19, 20) 


tAES 


0 




0 




0 




ns 


Delay Time, STRA Asserted to Port C Data Output Valid 
(See Figure 20) 


tPCD 




100 




100 




100 


ns 


Hold Time, STRA Negated to Port C Data 
(See Figure 20) 


tPCH 


10 




10 




10 




ns 


Three-State Hold Time 
(See Figure 20) 


tpcz 




150 




150 




150 


ns 



NOTES: 

1. If this setup time is met, STRB will acknowledge in the next cycle. If it is not met, the response may be delayed one more cycle. 

2. Port C and D timing is valid for active drive (CWOM and DWOM bits not set in PIOC and SPCR registers respectively). 
3 All timing is shown with respect to 20% Vqq and 70% Vqd unless otherwise noted. 
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AID CONVERTER CHARACTERISTICS (V DD = 5.0 Vdc±10%, V S s = 0 Vdc, T A = T L to T H , 750 kHz =s E =s 2.1 MHz, 
unless otherwise noted) 



Characteristic 


Parameter 




Absolute 


Max 


1 Intt 

Unix 


Resolution 


Number of Bits Resolved by the A/D 


g 






Bits 


Non-Linearity 


Maximum Deviation from the Ideal A/D Transfer 
Characteristics 




- 


±1/2 


LSB 


Zero Error 


Difference Between the Output of an Ideal and an Actual 
A/D for Zero Input Voltage 


- 


— 


±1/2 


LSB 


cue 

■ un-ocaie error 


Difference Between the Output of an Ideal and an Actual 
A/D for Full-Scale Input Voltage 






X Mc. 


1 CR 


Total Unadjusted Error 


Maximum Sum of Non-Lineanty, Zero Error, and 
Full-Scale Error 


— 


— 


±1/2 


LSB 


Quantization Error 


Uncertainty Due to Converter Resolution 


- 


- 


±1/2 


LSB 


Absolute Accuracy 


Difference Between the Actual Input Voltage and the 
Full-Scale Weighted Equivalent of the Binary Output 
Code, All Error Sources Included 






±1 


LSB 


Conversion Range 


Analog Input Voltage Range 


V RL 




\/ni i 
V RH 


\J 


V RH 


Maximum Analog Reference Voltage (see Note 2) 


\/ni 
V RL 




V DD + U 1 


\J 


V RL 


Minimum Analog Reference Voltage (see Note 2) 


V SS u - 1 




\/ni 1 
V RH 


V 


AVr 


Minimum Difference between Vrh and Vrl (see Note 2) 


3 


- 




V 


Conversion Time 


Total Time to Perform a Single Analog-to-Digital 
Conversion, 
a. E Clock 

h Internal RP ricrillatrir 


- 


32 


l cyc + J ^ 


tcyc 

M-S 


Monotonicity 


Conversion Result Never Decreases with an Increase in 
Input Voltage and has no Missing Codes 




Guaranteed 






Zero-Input Reading 


Conversion Result when V m = Vpj|_ 


00 






Hex 


Full-Scale Reading 


Conversion Result when V, n = Vrh 






FF 


Hex 


Sample Acquisition 
Time 


Analog Input Acquisition Sampling Time. 

a. E Clock 

b. Internal RC Oscillator 




12 


12 


tcyc 

fiS 


Sample/Hold 
Capacitance 


Input Capacitance during Sample PE0-PE7 




20 (Typ) 




pF 


Input Leakage 


Input Leakage on A/D Pins PE0-PE7 

Vrl- Vrh 






400 
1.0 


nA 



NOTES: 

1 Source impedances greater than 10 KH will adversely affect accuracy, due mainly to input leakage. 
2. Performance verified down to 2.5 V AVr, but accuracy is tested and guaranteed at AVr = 5 V± 10% 
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EXPANSION BUS TIMING (V DD = 5.0 Vdc± 10%, V S s = 0 Vdc, T A = T L to T H , see Figure 21) 











1.0 MHz 


2.0 MHz 


2.1 MHz 




Num. 


Characteristic 




Symbol 


Min 


Max 


Min 


Max 


Min 


Max 


Unit 




Frequency of Operation (E Clock Frequency) 


■o 


1.0 


1.0 


2.0 


2.0 


2.1 


2.1 


MHz 


1 


Cycle Time 


tcyc 


1000 




500 




476 




ns 


2 


Pulse Width, E Low 
PW EL =1/2 t cyc -23 ns 


PWel 


477 





227 





215 





ns 


3 


Pulse Width, E High 
PW E H = 1/2 tcyc-28 ns 


PW EH 


472 


— 


222 


— 


210 


— 


ns 


4 


E and AS Rise and Fall Time 


tr tf 


- 


20 




20 


- 


20 


ns 


9 


Address Hold Time 
t A H = 1/8 t cyc -29.5 ns 


see Note 1(a) 


tAH 


95 5 




33 




30 




ns 


12 


Non-Muxed Address Valid Time to E Rise 
tAV = PWr£|_-(tASD + 8n ns ' see Note 1 ' b ' 


tAV 


281.5 




94 




85 




ns 


17 


Read Data Setup Time 


tDSR 


30 




30 




30 




ns 


18 


Read Data Hold Time (Max = tMAD> 


tDHR 


10 


145.5 


10 


83 


10 


80 


ns 


19 


Write Data Delay Time 
tDDW= 1/8 tcyc + 65 -5 ns 


see Note 1(a) 


tDDW 


— 


190 5 


— 


128 


— 


125 


ns 


21 


Write Data Hold Time 
tDHW= 1/8 t cyc -29.5 ns 


see Note 1(a) 


tDHW 


95.5 


— 


33 


— 


30 


— 


ns 


22 


Muxed Address Valid Time to E Rise 
t AVM = P w EL-( t ASD + 90 ns) see Note 1(b) 


tAVM 


271.5 


— 


84 


— 


75 


— 


ns 


24 


Muxed Address Valid Time to AS Fall 
tASL = PW AS H-70 ns 


tASL 


151 


— 


26 


— 


20 


— 


ns 


25 


Muxed Address Hold Time 
tAHL=1 /8 t cvc -29 5 ns 


see Note 1(b) 


tAHL 


95.5 


— 


33 


— 


30 


— 


ns 


26 


Delay Time, E to AS Rise 
tASD = 1 /8 tcyc-9.5 ns 


see Note 1(a) 


tASD 


115.5 


— 


53 


— 


50 


— 


ns 


27 


Pulse Width, AS High 
PW ASH = 1/4t cvc -29 ns 


pwash 


221 


— 


96 


— 


90 


— 


ns 


28 


Delay Time, AS to E Rise 
l ASED= I' 8 t C yc-9-5 ns 


see Note 1(b) 


'ASED 


115 5 




53 




50 




ns 


29 


MPU Address Access Time see note 1(b) 
tACCA = tAVM + «r + PW E H " tDSR 


<ACCA 


733 5 




296 




275 




ns 


35 


MPU Access Time 
tACCE = PW EH -tDSR 


l ACCE 




442 




192 




180 


ns 


36 


Muxed Address Delay 
(Previous Cycle MPU Read) 
tMAD = tASD + 30 ns 


see Note 1(a) 


tMAD 


145 5 




83 




80 




ns 



NOTES: 

1 Input clocks with duty cycles other than 50% will affect bus performance Timing parameters affected by input clock duty cycle 
are identified by (a) and (b) To recalculate the approximate bus timing values, substitute the following expressions in place of 
1/8 t cyc in the above formulas where applicable: 

(a) (1-DC)x 1/4 t cyc 

(b) DC x 1/4 t cyc 
Where: 

DC is the decimal value of duty cycle percentage (high time) 

2 All timing is shown with respect to 20% Vqq and 70% Vqd unless otherwise noted. 
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SERIAL PERIPHERAL INTERFACE (SPI) TIMING (V DD = 5.0 Vdc±10%, V S s = 0 Vdc, T A = T L to T H , see Figure 22) 





Characteristic 


Symbol 


Min 


Max 


unit 




Operating Frequency 
Master 
Slave 


f op(m) 
f op(s) 


dc 

uC 


05 

9 1 
^ I 


fop 

IVInZ 


1 


Cycle Time 
Master 


l cyc(m) 
tcyc(s) 


2.0 




'eye 
ns 


2 


Enable Lead Time 
Master 


Meadlm) 
tleadls) 


240 





ns 


3 


Enable Lag Time 
Master 
Slave 


•lagfm) 
t|aq(s) 


240 





ns 
ns 


4 


Clock (SCK) High Time 
Master 


%(SCKH)m 
tw(SCKH)s 


340 
1 90 





ns 
ns 


5 


Clock (SCK) Low Time 

MsStGT 

Slave 


l w(SCKL)m 
tw(SCKL)s 


340 
190 


- 


ns 


Q 


Data Setup Time (Inputs) 
Master 
Slave 


l su(m) 
l su(s) 


100 
100 




— 


ns 
ns 


7 


Data Hold Time (Inputs) 
Master 
Slave 


th(m) 
l h(s) 


100 
100 


_ 


ns 
ns 


8 


Access Time (Time to Data Active from High-Impedance State) 
Slave 


ta 


0 


120 


ns 


9 


Disable Time (Hold Time to High-Impedance State) 
Slave 


tdis 




240 


ns 


10 


Data Valid (After Enable Edge)** 


tv(s) 




240 


ns 


11 


Data Hold Time (Outputs) (After Enable Edge) 


tho 


0 




ns 


12 


Rise Time (20% Vdd to 70% VqD/ C|_ = 200 pF) 
SPI Outputs (SCK, MOSI, and MISO) 
SPI Inputs (SCK, MOS), MISO, and SS) 


'rm 

trs 




100 
2 0 


ns 

M-s 


13 


Fall Time (70% Vdd to 20% V D q, Cl = 200 pF) 
SPI Outputs (SCK, MOSI, and MISO) 
SPI Inputs (SCK, MOSI, MISO, and SS) 


tfm 
tfs 




100 
20 


ns 



*Signal production depends on software. 
**Assumes 200 pF load on all SPI pins. 
NOTE: 

1. All timing is shown with respect to 20% Vprj and 70% VrjQ, unless otherwise noted 
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EEPROM CHARACTERISTICS (V DD = 5.0 Vdc±10%, V S s = 0 Vdc, T a =Tl to T H ) 



Characteristic 


Temperature Range 


Unit 


-40 to 85°C 


-40 to 105°C 


-40 to 125°C 


Programming Time Under 1.0 MHz with RC Oscillator Enabled 
(see Note 1) 1.0 to 2.0 MHz with RC Oscillator Disabled 
2.0 MHz (or Anytime RC Oscillator Enabled) 


10 
20 
10 


15 

Must Use RC 
15 


20 

Must Use RC 
20 


ms 


Erase Time (see Note 1) Byte, Row, and Bulk 


10 


10 


10 


ms 


Write/Erase Endurance (see Note 2) 


10,000 


10,000 


10,000 


Cycles 


Data Retention (see Note 2) 


10 


10 


10 


Years 



NOTES: 

1 The RC oscillator must be enabled (by setting the CSEL bit in the OPTION register) for EEPROM programming and erasure when 
the E-clock frequency is below 1 0 MHz. 

2 See current quarterly Reliability Monitor report for current failure rate information. 



\ 



R/W; ADDRESS 
(NON-MUX) 



ADDRESS/DATA 
(MULTIPLEXED) 



AS 



READ 



WRITE 



-ay 



BS^S 1 — EEEB! 



— ®- 



H3) 



<3> 



\ 



NOTE: Measurement points shown are 20% and 70% Vqq 

Figure 21. Expansion Bus Timing Diagram 
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ss 

(INPUT) 



55" is Hald High on Master 



(OUTPUT) 



NOTE 



SCK (CPOL-0) SEE 

"ypf * — ■ 

If 

(OUTPUT) NOTE 



SCK (CPOL-1) SEE 



MISO 
(INPUT) 



MOSI 
(OUTPUT) 



*dHKz> 



i MSBIN 



MASTER MSB OUT 



^ LSBIN y 



BITS 1 

V— 



X 



MASTER LSB OUT 



""Tan 



7 



NOTE: This first dock »o> is generated intwnalty but is not wan at tr» SCK pin. 

a) SPI MASTER TIMING (CPHA = 0) 



S5 

(INPUT) 



SCK (CPOL-0) 
(OUTPUT) 



SCK (CPOL-1) 
(OUTPUT) 



MISO 
(INPUT) 



MOSI 
(OUTPUT) 



55" is Held High on Master 
-© 



MSB IN y 



MASTER MSB OUT 



- < aTt •• j ) - 
X 



SEE 
>NOTE 



- { LSB " f 



Taj) 



BIT6 1 

V— 



X 



MASTER LSB OUT 



7 



NOTE: This last dock «dg* is ganaralad intern ally but is not s*«n at the SCK pin. 

b) SPI MASTER TIMING (CPHA = 1) 



Figure 22. SPI Timing Diagrams (Sheet 1 of 2) 
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55 

(INPUT) 



SCK (CPOL.0) 
(INPUT) 



SCK (CPOL-1) 
(INPUT) 



-©- 



MISO 
(OUTPUT) 



MOSI 
(INPUT) 



SLAVE 



*<3) -|k® 



MSB OUT 



MSB IN 



-® 



BIT6----1 



*® -lk<S> 

3( 



SLAVE LSB OUT 



©H k 
1 ( NOT E ; 



BIT6----1 

y 



} ( LSBIN > 



NOTE. Not defined but normally MSB ol character just received 

c) SPI SLAVE TIMING (CPHA = 0) 



§5 

(INPUT) 



SCK (CPOL.0) 
(INPUT) 



SCK (CPOL-1) 
(INPUT) 



r 



k H k® 



MISO 
(OUTPUT) 



iTlt^XIV^^r- 



KZH H k® 



H k® H k® 




X 



BIT 6 1 

— s- 



-| k® -I k© (i> 



SLAVE LSB OUT 



®H k 



MOSI 
(INPUT) 



-j ! MSB IN ^ BIT6----V~^ ^ LSB IN 



NOTE. Not defined but normally LSB ol character previously transmitted 

d) SPI SLAVE TIMING (CPHA = 1) 



Figure 22. SPI Timing Diagrams (Sheet 2 of 2) 
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ORDERING INFORMATION 

The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo- 
torola in the following media: 

MS-DOS/PC-DOS disk file (360K) 
EPROM(s): three 2532/2732 or two 2764 
To initiate a ROM pattern for the MCU, it is necessary 
to first contact the local field-service office, a sales per- 
son, or a Motorola representative. 

FLEXIBLE DISKS 

Several types of flexible disks (MS-DOS®/PC-DOS disk 
file), programmed with the customer's program (positive 
logic sense for address and data), may be submitted for 
pattern generation. In either case, the diskette should be 
clearly labeled with the customer's name, date, project 
or product name, and the name of the file containing the 
pattern. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 

MS-DOS is Microsoft's Disk Operating System. PC-DOS 
is IBM® Personal Computer Disk Operating System. Disk 
media submitted must be a standard density (360K), dou- 
ble-sided 5 1/4-inch compatible floppy diskette. The dis- 
kette must contain object file code in Motorola's S-record 
format. The S-record format is a character-based object 
file format generated by M68HC1 1 cross assemblers and 
linkers on IBM PC-style machines. 

EPROMs 

Three 2532/2732 or two 2764 type EPROM(s), pro- 
grammed with the customer's program (positive logic 
sense for address and data), may be submitted for pattern 
generation. EPROMs must be clearly marked to indicate 
which EPROM corresponds to" which address space. Fig- 
ure 22 illustrates the markings for the three 2532/2732 
EPROMs required to contain the customer's program. 

All unused bytes, including the user's space, must be 
set to zero. For shipment to Motorola, EPROMs should 
be placed in a conductive IC carrier and packed securely. 
Styrofoam is not acceptable for shipment. 




xxx = Customer ID 
Figure 23. EPROM Marking 

VERIFICATION MEDIA 

All original pattern media (EPROMs or floppy disks) are 
filed for contractual purposes and are not returned A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked, and the verification form 
should be completed, signed, and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for creation of the customer mask. To aid in 
the verification process, Motorola will program customer 
supplied blank EPROM(s) or DOS disks from the data file 
used to create the custom mask. 

ROM VERIFICATION UNITS (RVUs) 

Ten MCUs containing the customer's ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask, but are for the pur- 
pose of ROM verification only. For expediency, the MCUs 
are unmarked, packaged in ceramic, and tested with five 
volts at room temperature. These RVUs are free with the 
minimum-order quantity, but are not production parts. 
These RVUs are not guaranteed by Motorola Quality As- 



ORDERING INFORMATION 

The following table provides ordering information 
pertaining to the package type, temperature, and MC part 
numbers for the MC68HC811E2 HCMOS single-chip 
microcontroller devices. 




Package Type 


Temperature 


CONFIG 


MC Part Number 


PLCC 


-40° to +85°C 


$FF 


MC68HC81 1E2FN 


(FN Suffix) 


-40 to +105°C 


$FF 


MC68HC811E2VFN 




-40 to +125°C 


$FF 


MC68HC811E2MFN 



MS-®DOS is a trademark of Microsoft, Inc. 

IBM is a registered trademark of International Business Machines Corporation. 
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PIN ASSIGNMENTS 



52-Lead Quad Package 



! 

UJ CO UJ <X 2 

,n n n n n 



n n m n ri 



7 6 5 4 3 2 O 52 51 50 49 48 47 



XTAL 


c 


8 


PCO 


t 


9 


PCI 


c 


10 


PC2 


c 


11 


PC3 


c 


12 


PC4 


c 


13 


PC 5 


c 


14 


PC6 


c 


15 


PC 7 


c 


16 


RESET 


c 


17 


XIRQ 


c 


18 


IRQ 


c 


19 


PDO 


c 


20 



46 

45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 



21 22 23 24 25 

u u u u u 



26 27 

a a 



28 29 30 31 32 33 

u u u u u u 



e* n m a r-» <o m *t 
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Advance Information 

REAL-TIME CLOCK PLUS RAM (RTC) 

The MC146818 Real-Time Clock plus RAM is a peripheral device which includes the unique MO- 
TEL concept for use with various microprocessors, microcomputers, and larger computers. This 
part combines three unique features: a complete time-of-day clock with alarm and one hundred 
year calendar, a programmable periodic interrupt and square-wave generator, and 50 bytes of low- 
power static RAM. The MC146818 uses high-speed CMOS technology to interface with 1 MHz pro- 
cessor buses, while consuming very little power. 

The Real-Time Clock plus RAM has two distinct uses. First, it is designed as a battery powered 
CMOS part (in an otherwise NMOS/TTL system) including all the common battery backed-up func- 
tions such as RAM, time, and calendar. Secondly, the MC146818 may be used with a CMOS micro- 
processor to relieve the software of the timekeeping workload and to extend the available RAM of 
an MPU such as the MC146805E2. 

• Low-Power, High-Speed, High-Density CMOS 

• Internal Time Base and Oscillator 

• Counts Seconds, Minutes, and Hours of the Day 

• Counts Days of the Week, Date, Month, and Year 

• 3 V to 6 V Operation 

• Time Base Input Options: 4.194304 MHz, 1.048576 MHz, or 32.768 kHz 

• Time Base Oscillator for Parallel Resonant Crystals 

• 40 to 200 (jlW Typical Operating Power at Low Frequency Time Base 

• 4.0 to 20 mW Typical Operating Power at High Frequency Time Base 

• Binary or BCD Representation of Time, Calendar, and Alarm 

• 12- or 24-Hour Clock with AM and PM in 12-Hour Mode 

• Daylight Savings Time Option 

• Automatic End of Month Recognition 

• Automatic Leap Year Compensation 

• Microprocessor Bus Compatible 

• MOTEL Circuit for Bus Universality 

• Multiplexed Bus for Pin Efficiency 

• Interfaced with Software as 64 RAM Locations 

• 14 Bytes of Clock and Control Registers 

• 50 Bytes of General Purpose RAM 

• Status Bit Indicates Data Integrity 

• Bus Compatible Interrupt Signals (IRQ) 

• Three Interrupts are Separately Software Maskable and Testable 

Time-of-Day Alarm, Once-per-Second to Once-per-Day 
Periodic Rates from 30.5 u.s to 500 ms 
End-of-Clock Update Cycle 

• Programmable Square-Wave Output Signal 

• Clock Output May Be Used as Microprocessor Clock Input 

At Time Base Frequency - 1 or - 4 

• 24-Pin Dual-ln-Lme Package 



This document contains information on a new product Specifications and information herein are subject to change without notice 
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FIGURE 1 - BLOCK DIAGRAM 



0SC1 H 

0SC2««— 



Time Base 
Input/Osc 



-32 




vdd- 
vss 

CE 



Divider 
Control 



-32 



-32 



Clock 
Output 



► CKOUT 

•« CKFS 



+ 32 



Periodic Interrupt/Square Wave Rate 
Selection 
(l-of-15 Selector) 



DV0-DV2 



DS >- 

R/W 

AS 



AD0-AD7 



<X> 



Bus 
Interface 



Clock/ 
Calendar 
Update 



BCD/ 
Binary 
Increment 



Square 
Wave Out 



->- SOW 



Registers A, B, C, D 
(4 Bytes) 



IRQ 

RESET 
PS 



Clock, Alarm, 
Calendar RAM 
(10 Bytes) 



User RAM 
(50 Bytes) 



MAXIMUM RATINGS (Voltages referenced to V S s> 



Ratings 


Symbol 


Value 


Unit 


Supply Voltage 


v D d 


- 0 3 to +80 


V 


All Input Voltages Except OSC1 


V,n 


Vss-0 5 to Vdd + 0 5 


V 


Current Drain per Pin Excluding 
Vqd and V S s 


1 


10 


mA 


Operating Temperature Range 
MC146818 

MC146818C (V DD = 3.0 to 5 5 V 
operation) 


T A 


T L to T H 
0 to 70 
-40 to 85 


°C 


Storage Temperature Range 


T stg 


-55 to +150 


°C 



THERMAL CHARACTERISTICS 



Characteristic 


Symbol 


Value 


Unit 


Thermal Resistance 
Plastic 


BJA 


120 


°c/w 



This device contains circuitry to protect the in- 
puts against damage due to high static voltages 
or electric fields, however, it is advised that nor- 
mal precautions be taken to avoid application of 
any voltage higher than maximum rated voltages 
to this high-impedance circuit For proper opera- 
tion it is recommended that V, n and V ou t be con- 
strained to the range VssS(V, n or V out ) 
sVqq Reliability of operation is enhanced if 
unused inputs are tied to an appropriate logic 
voltage level (e g , either V$s or Vqq) 
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DC ELECTRICAL CHARACTERISTICS (Vpp = 3 Vdc, Vss = 0 Vdc, Ta = Tl to T H unless otherwise noted) 



Characteristics 


Symbol 


Min 


Max 


Unit 


Frequency of Operation 


'osc 


32 768 


32 768 


kHz 


Output Voltage 




vol 




0 1 


V 


lLoad< 10 /' A 




VOH 


Vdd-o 1 




Ipp _ Bus Idle 
CKOUT = f osc , C L = 15 pF, SOW Disabled, CE=V DD - 
f osc = 32 768 kHz 


0 2, C L (OSC2) = 10 pF 


IDD3 


- 


50 


*»A 


Ipp - Quiescent 
f 0SC =DC, 0SC1 = DC, 
All Other lnputs= Vpp-0 2 v . 
No Clock 


'DD4 




50 


f»A 


Output High Voltage 
"-Load= -0 25 mA, All Outputs) 


VOH 


2 7 




V 


Output Low Voltage 
t | Load = ° 25 mA, All Outputs) 


vol 




0 3 


V 


Input High Voltage 


AD0-AD7, DS, AS.R/W, CE, 
RESET, CKFS, PS, OSC1 


V|H 


2.1 
25 


vdd 
vdd 


V 


Input Low Voltage (All Inputs) 


V|L 


v S s 


0 5 


V 


Input Current 


All Inputs 


lin 




±1 


*A 


Three-State Leakage 


IRQ, AD0-AD7 


'TSL 




±10 


MA 



DC ELECTRICAL CHARACTERISTICS <Vpp = 5 Vdc ± 10%, Vss = 0 Vdc, Ta=T l to Th unless otherwise noted) 



Characteristics 


Symbol 


Min 


Max 


Unit 


Frequency of Operation 


'osc 


32 768 


4194 304 


kHz 


Output Voltage 


vol 




0 1 


V 


lLoad< 10 > A 


VOH 


Vpp-0 1 






Ipp - Bus Idle (External Clock) 
CKOUT=f osc , C L =15pF, SOW Oisabled, CE=Vpp-02, C L (OSC2) = 10 pF 
f osc = 4 194304 MHz 
f osc =1 048516 MHz 
f osc = 32 768 kHz 


'DDI 
'DD2 
!DD3 




3 

800 
50 


mA 
fA 
l«A 


Ipp - Quiescent 
f 0SC =DC, OSC1 = DC, 
All Other Inputs^ Vpp-0 2 V, 
No Clock 


IDD4 




50 


fA 


Output High Voltage 
(l Load = -1 6 mA, AD0-AD7, CKOUT) 
"Load= ~ 1 0 mA - SQW) 


VOH 


4 1 




V 


Output Low Voltage 
dLoad= 1 6 mA, AD0-AD7, CKOUT) 
(l Lo ad= 1 0 mA, IRQ and SQW) 


vol 




04 


V 


Input High Voltage CKFS, AD0-AD7, DS, AS, R/W, CE, PS 

RESET 
OSC1 


V|H 


Vpp-20 
V DD -0 8 
Vpp-1 0 


vpp 
vpp 
vpp 


V 


Input Low Voltage AD0-AD7, DS, AS, R/W, C~E 

CKFS, PS, R"ES~ET 
OSC1 


V| L 


vss 
vss 
vss 


08 
08 
08 


V 


Input Current All Inputs 


l.n 




±1 


(*A 


Three-State Leakage [HQ, AD0-AD7 


Itsl 




±10 


M A 
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BUS TIMING 




Ident. 
Number 


Characteristics 


Symbol 


V DD = 3.0V 
50 pF Load 


V DD = 5.0V 

±10% 
2 TTL and 
130 pF Load 


Unit 


Min 


Max 


Min 


Max 


1 


Cycle Time 


tcyc 


5000 


— 


953 


dc 


ns 


2 


Pulse Width, DS/E Low or RD/WR High 


PW EL 


1000 




300 


~ 


ns 


3 


Pulse Width, DS/E High or RD/WR Low 


PW EH 


1500 




325 


~ 


ns 


4 


Input Rise and Fall Time 


tr- If 


— 


100 




30 


ns 


8 


R/W Hold Time 


1RWH 


10 




1 3 




ns 


13 


R/W Setup Time Before DS/E 


tRWS 


200 




80 




ns 


14 


Chip Enable Setup Time Before AS/ALE Fall 


ICS 


200 




55 


* 


ns 


15 


Chip Enable Hold Time 


tCH 


10 




0 




ns 


18 


Read Data Hold Time 


tDHR 


10 


1000 


10 


100 


ns 


21 


Write Data Hold Time 


tDHW 


100 




0 




ns 


24 


Muxed Address Valid Time to AS/ALE Fall 


<ASL 


200 




50 




ns 


25 


Muxed Address Hold Time 


1AHL 


100 




20 




ns 


26 


Delay Time DS/E to AS/ ALE Rise 


tASD 


500 




50 




ns 


27 


Pulse Width, AS/ALE High 


pw ash 


600 




135 




ns 


28 


Delay Time, AS/ ALE to DS/E Rise 


JASED 


, 500 




60 




ns 




..." ■' . 







'MM 
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ALE (Address Latch Enable) 
IAS Pin) 



RD (Read Output Enable) 
(DS Pin) 



WR (Write Enable) 
(R/W Pin) 



CE (Chip Enable) 



AD0-AD7 
(Address/ Data Bus) 



FIGURE 4 - BUS WRITE TIMING COMPETITOR MULTIPLEXED BUS 
© 



-©- 



© — H K 



©- 



Vhigh 
vlow 



©-> 




Address 
Valid 



Write Data 
Valid 



NOTE V H | GH = VdD" 2 0 V, V|_OW = 0 8 V, for Vdd = 5 0 V ±10% 
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- SWITCHING CHARACTERISTICS (V DD = 5 0 Vdc ±10%, V SS = 0 Vdc. T A =T L to T H ) 



Description 


Symbol 


Min 


Max 


Unit 


Oscillator Startup 


tRC 




100 


ms 


Reset Pulse Width 


'RWL 


5 




/ts 


Reset Delay Time 


tRLH 


5 




lis 


Power Sense Pulse Width 


tPWL 


5 




US 


Power Sense Delay Time 


tPLH 


5 




MS 


IRQ Release from DS 


t|RDS 




2 


US 


IRQ Release from RESET 


'IRR 




2 


MS 


VRT Bit Delay 


WRTD 




2 


MS 



FIGURE 5 - IRQ RELEASE DELAY 




J 



RESET 



IRQ 



V[_OW 



r 



y Vhigh ^""V 



f 



< *■ 

tIRDS 



NOTE V H | GH = VdD-20 V, Vlqw = 08 V, for VpD = 50V ±10% 



'IRR 



FIGURE 6 — TTL EQUIVALENT TEST LOAD 



V D D 



MMD6150 > 2k 
or Equivalent 



Test 

Point °" 



1 I » 

-I- < 2 55 k 

i— ^ 



VDD ft 

(IRQ Only) ^ 4 02 k 
Test Point O 



MMD7000 
or Equivalent 



130 pF 



All Outputs Except OSC2 (See Figure 10) 
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FIGURE 7 - POWER-UP 



Vqd P>n 



0 V 



RESET Pin 



CKOUT Pin 



if 



•tRLH 



rtRWL- 



•* tRC *► 



jiruiru j _rLTLn 




VDD 



Vqd P>n 



0 V 




VRT Bil 



FIGURE 8 - CONDITIONS THAT CLEAR VRT BIT 
if 



■tPLH • 



U- IPWL- 



CD 



tVRTD 



0 



(j) The VRT bit is set to a "1" by reading Register d The VRT bit can only be cleared by pulling the PS pin low (see REGISTER D ($0D)). 
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MOTEL 

The MOTEL circuit is a new concept that permits the 
MC146818 to be directly interfaced with many types of 
microprocessors No external logic is needed to adapt to the 
differences in bus control signals from common multiplexed 
bus microprocessors. 

Practically all microprocessors interface with one of two 
synchronous bus structures. One bus was originated by the 
Motorola MC6800 and the other by the Intel 8080 and its 
companion part, the 8228. 

The MOTEL circuit (for MOT orola and IntEL bus com- 
patibility) is built into peripheral and memory ICs to permit 
direct connection to either type of bus. An industry standard 



bus structure is now available. The MOTEL concept is 
shown logically in Figure 9 

MOTEL selects one of two interpretations of two pins In 
the Motorola case, DS and R/W are gated together to pro- 
duce the internal read enable Thejnternal write enable is a 
similar gating of the inverse of R/W With competitor buses, 
the inversion of RD and WR create functionally identical in- 
ternal read and write enable signals 

The MC146818 automatically selects the processor type by 
using AS/ ALE to latch the state of the DS/RD pin. Since DS 
is always low and RD is always high during AS and ALE, the 
latch automatically indicates which processor type is con- 
nected. 



FIGURE 9 - FUNCTIONAL DIAGRAM OF MOTEL CIRCUIT 



Motorola Type Competitor Type MC146818 
MPU Signals MPU Signals Pin Signals 



AS 



ALE 



DS,E,or02 RD 




R/W Q 



SIGNAL DESCRIPTIONS 

The block diagram in Figure 1, shows the pin connection 
with the major internal functions of the MC146818 Real-Time 
Clock plus RAM. The following paragraphs describe the 
function of each pin. 

vdd- vss 

DC power is provided to the part on these two pins, Vqd 
being the more positive voltage. The minimum and maxi- 
mum voltages are listed in the Electrical Characteristics 
tables 

OSC1, OSC2 - TIME BASE, INPUTS 

The time base for the time functions may be an external 
signal or the crystal oscillator. External square waves at 
4.194304 MHz, 1.048576 MHz, or 32.768 kHz may be con- 
nected to OSC1 as shown in Figure 10. The internal time- 
base frequency to be used is chosen in Register A 

The on-chip oscillator is designed for a parallel resonant 



AT cut crystal at 4 194304 MHz or 1 048576 MHz frequen- 
cies. The crystal connections are shown in Figure 1 1 and the 
crystal characteristics in Figure 12. 

CKOUT - CLOCK OUT, OUTPUT 

The-CKOUT pin is an output at the time-base frequency 
divided by 1 or 4 A major use for CKOUT is as the input 
clock to the microprocessor; thereby saving the cost of a se- 
cond crystal. The frequency of CKOUT depends upon the 
time-base frequency and the state of the CKFS pin as shown 
in Table 2. 

CKFS - CLOCK OUT FREQUENCY SELECT, INPUT 

When the CKFS pin is tied to Vqd !t causes CKOUT to be 
the same frequency as the time base at the OSC1 pin When 
CKFS is tied to Vss, CKOUT is the OSC1 time-base fre- 
quency divided by four. Table 2 summarizes the effect of 
CKFS 
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FIGURE 10 - EXTERNAL TIME-BASE CONNECTION 

V D D 

Optional 
(V DD -1 0 V) 

4 194304 MHz 



1 048576 MHz 
or 

32 768 kHz 



(Open). 



OSC1 
OSC2 



MC146818 



FIGURE 11 - CRYSTAL OSCILLATOR CONNECTION 

2 




•32 768 kHz Only - Consult Crystal Manufacturer's Specification 



FIGURE 12 - CRYSTAL PARAMETERS 

Crystal Equivalent Circuit 
L1 C1 RS 

— II WSr 

co 



*osc 


4.194304 MHz 


1.048576 MHz 


32.768 kHz 


RS (Maximum) 


75 0 


700 0 


50 k 


CO (Maximum) 


7 pF 


5 pF 


1 7 pF 


C1 


0 012 pF 


0 008 pF 


0 003 pF 


Q 


50 k 


35 k 


30 k 


CW Cout 


15-30 pF 


15-40 pF 


10-22 pF 


R 






300-470 k 


Rf 


10 M 


10 M 


22 M 
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TABLE 2 - CLOCK OUTPUT FREQUENCIES 



Time Base 

(OSC1) 
Frequency 


Clock Fr©QU©ncy 
Select Pin 
(CKFS) 


Clock Frequency 
Output Pin 
(CKOUTI 


4 194304 MHz 


High 


4.194304 MHz 


4 194304 MHz 


Low 


1 048576 MHz 


1 048576 MHz 


High 


1 048576 MHz 


1.048576 MHz 


Low 


262 144 kHz 


32 768 kHz 


High 


32 768 kHz 


32.768 kHz 


Low 


8 192 kHz 




SQW - SQUARE WAVE, OUTPUT 

The SQW pin can output a signal from one of the 15 taps 
provided by the 22 internal-divider stages The frequency of 
the SQW may be altered by programming Register A, as 
shown in Table 5. The SQW signal may be turned on and off 
using the SQWE bit in Register B 

AD0-AD7 - MULTIPLEXED BIDIRECTIONAL AD- 
DRESS/DATA BUS 

Multiplexed bus processors save pins by presenting the 
address during the first portion of the bus cycle and using 
the same pins during the second portion for data. Address- 
then-data multiplexing does not slow the access time of the 
MC146818 since the bus reversal from address to data is oc- 
curring during the internal RAM access time 

The address must be valid just prior to the fall of AS/ALE 
at which time the MC146818 latches the address from ADO 
to AD5. Valid write data must be presented and held stable 
during the latter portion of the DS or WR pulses. In a read 
cycle, the MC146818 outputs eight bits of data during the 
latter portion of the DS or R~D pulses, then ceases driving the 
bus (returns the output drivers to the high-impedance state) 
when DS falls in the Motorola case of MOTEL or R~B rises in 
the other case 

AS - MULTIPLEXED ADDRESS STROBE, INPUT 

A positive going multiplexed address strobe pulse serves 
to demultiplex the bus The falling edge of AS or ALE causes 
the address to be latched within the MC146818 The 
automatic MOTEL circuit in the MC146818 also latches the 
state of the DS pin with the falling edge of AS or ALE. 

DS - DATA STROBE OR READ, INPUT 

The DS pin has two interpretations via the MOTEL circuit. 
When emanating from a Motorola type processor, DS is a 
positive pulse during the latter portion of the bus cycle, and 
is variously called DS (data strobe), E (enable), and <t>2 {<f>2 
clock). During read cycles, DS signifies the time that the 
RTC is to drive the bidirectional bus. In write cycles, the trail- 
ing edge of DS causes the Real-Time Clock plus RAM to 
latch the written data. 

The sec ond M OTEL interpretation of DS is that of RD, 
MEMR, or l/OR emanating from the competitor type pro- 
cessor. In this case, DS identifies the time period when the 
real-time clock plus RAM drives the bus with read data. This 
interpretation of DS is also the same as an output-enable 
signal on a typical memory. 

The MOTEL circuit, within the MC146818, latches the 
state of the DS pin on the falling edge of AS/ALE. When the 
Motorola mode of MOTEL is desired DS must be low during 
AS/ALE, which is the case with the Motorola multiplexed 
bus processors To ensure the competitor mode of MOTEL, 



the DS pin must remain high during the time AS/ALE is 
high. 

R/W - READ/WRITE, INPUT _ 

The MOTEL circuit treats the R/W pin in one of two_ways 
When a Motorola type processor is connected, R/W is a 
level which indicates whether the current cycle is a read or 
write A read cycle is indicated with a high level on_R/W 
while DS is high, whereas a write cycle is a low on R/W dur- 
ing DS _ 

The seco nd interp retati on of R/W is as a negative write 
pulse, WR, MEMW, and l/OW from competitorjype pro- 
cessors The MOTEL circuit in this mode gives R/W pin the 
same meaning as the write (W) pulse on many generic 
RAMs 

CE - CHIP ENABLEJNPUT 

The chip-enable (CE) signal must be asserted (low) for a 
bus cycle in which the MC146818 is to be accessed CE is not 
latched and must be stable during DS and AS (Motorola 
case of MOTEL) and during RD and WR (in the other 
MOTEL case). Bus cycles which take place without asserting 
CE cause no actions to take place within the MC146818 
When CE is high, the multiplexed bus output is in a high- 
impedance state 

When CE is high, all address, data, DS, and R/W inputs 
from the processor are disconnected withm the MC146818 
This permits the MC146818_to be isolated from a powered- 
down processor. When CE is held high, an unpowered 
device cannot receive power through the input pins from the 
real-time clock power source Battery power consumption 
can thus _be reduced by using a pullup resistor_ or active 
clamp on CE when the main power is off When CE is not us- 
ed, it should be grounded 

IRQ - INTERRUPT REQUEST, OUTPUT 

The IRQ pin is an active low output of the MC146818 that 
may be used as an interrupt input to a processor The IRQ 
output remains low as long as the status bit causing the in- 
terrupt is present andjhe corresponding interrupt-enable bit 
is set To clear the IRQ pin, th e processor program normally 
reads Register C The RESET pin also clears pending inter- 
rupts 

When no interrupt conditions are present, the IRQ level is 
in the high-impedance state Multiple interrupting devices 
may thus be connected to an IRQ bus with one pullup at the 
processor. 



RESET - RESET, INPUT 



The RESET pin does not affect the c lock, calendar, or 
RAM functions On powerup, the RESET pin must be held 
low for the specified time, tRLH. ' n order to allow the power 
supply to stab ilize. Figure 13 shows a typical representation 
of the R ESET p in circuit 
When RESET is low the following occurs- 
a) Periodic Interrupt Enable (PIE) bit is cleared to zero, 
Alarm Interrupt Enable (AIE) bit is cleared to zero, 
Update ended Interrupt Enable (UIE) bit is cleared to 
zero, 

Update ended Interrupt Flag (UF) bit is cleared to zero, 
Interrupt Request status Flag (IRQF) bit is cleared to 
zero. 

Periodic Interrupt Flag (PF) bit is cleared to zero, 
The part is not accessible 
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FIGURE 13 - TYPICAL POWER UP DELAY 
CIRCUIT FOR RESET 



D1 



D2 



System 
V D D ' 



D3 



0 005 nF 



L| Battery 

Backup 



VDD 
MC146818 



RESET 



VSS 



D1 = MBD701 (Schottky) or Equivalent 
D2= D3= 1N4148 or Equivalent 

Note If the RTC is isolated from the MPU or MCU power by a 
diode drop, care must be taken to meet V m requirements 



FIGURE 14 - TYPICAL POWERUP DELAY CIRCUIT 
FOR POWER SENSE 



D2 



System 
V D D 



n ' 






, fSJ— 




VDD 




> 20k 






PS 
















MC146818 
VSS 




Z 0 005,iF 



Battery 
Backup 



X 



D1 = MBD701 (Schottky) or Equivalent 
D2= 1N4148 or Equivalent 



g) Alarm Interrupt Flag (AF) bit is cleared to zero, 

h) IRQ pin is in high-impedance state, and 

i) Square Wave output Enable (SQWE) bit is cleared to 
zero. 

PS - POWER SENSE, INPUT 

The power-sense pin is used in the control of the valid 
RAM and time (VRT) bit in Register D When the PS pin is 
low the VRT bit is cleared to zero 

When using the VRT feature during powerup, the PS pin 
must be externally held low for the specified tp|_H time As 
power is applied, the VRT bit remains low indicating that the 
contents of the RAM, time registers, and calendar are not 
guaranteed PS must go high after powerup to allow the 
VRT bit to be set by a read of register D 

POWER-DOWN CONSIDERATIONS 

In most systems, the MC146818 must continue to keep 
time when system power is removed In such systems, a 
conversion from system power to an alternate power supply, 
usually a battery, must be made During the transition from 
system to battery power, the designer of a battery backed-up 
RTC system must protect data integrity, minimize power 
consumption, and e_n_sure hardware reliability _ 

The chip enablejCE) pin controls all bus inputs (R/W, DS, 
AS, AD0-AD7) CE, when negated, disallowsany unintend- 
ed modification of the RTC data by the bus CE also reduces 
power consumption by reducing the number of transitions 
seen internally. 

Power consumption may be further reduced by removing 
resistive and capacitive loads from the clock out (CKOUT) 
pin and the squarewave (SQW) pin 

During and after the power source conversion, the V||\| 
maximum specification must never be exceeded Failure to 
meet the V||\| maximum specification can cause a virtual 
SCR to appear which may result in excessive current drain 
and destruction of the part 



ADDRESS MAP 

Figure 15 shows the address map of the MC146818. The 
memory consists of 50 general purpose RAM bytes, 10 RAM 
bytes which normally contain the time, calendar, and alarm 
data, and four control and status bytes. All 64 bytes are 
directly readable and writable by the processor program ex- 
cept for the following: 1) Registers C and D are read only, 2) 
bit 7 of Register A is read only, and 3) the high-order bit of 
the seconds byte is read only The contents of four control 
and status registers (A, B, C, and D) are described in 
REGISTERS. 



TIME, CALENDAR, AND ALARM LOCATIONS 

The processor program obtains time and calendar infor- 
mation by reading the appropriate locations. The program 
may initialize the time, calendar, and alarm by writing to 
these RAM locations. The contents of the 10 time, calendar, 
and alarm bytes may be either binary or binary-coded deci- 
mal (BCD) 
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Before initializing the internal registers, the SET bit in 
Register B should be set to a "1" to prevent time/ calendar 
updates from occurring. The program initializes the 10 loca- 
tions in the selected format (binary or BCD), then indicates 
the format in the data mode (DM) bit of Register B All 10 
time, calendar, and alarm bytes must use the same data 
mode, either binary or BCD The SET bit may now be cleared 
to allow updates. Once initialized the real-time clock makes 
all updates in the selected data mode. The data mode cannot 
be changed without reinitializing the 10 data bytes. 

Table 3 shows the binary and BCD formats of the 10 time, 
calendar, and alarm locations The 24/12 bit in Register B 
establishes whether the hour locations represent 1-to-12 or 



0-to-23 The 24/12 bit cannot be changed without reinitializ- 
ing the hour locations When the 12-hour format is selected 
the high-order bit of the hours byte represents PM when it is 
a "1". 

The time, calendar, and alarm bytes are not always ac- 
cessable by the processor program Once-per-second the 10 
bytes are switched to the update logic to be advanced by one 
second and to check for an alarm condition If any of the 10 
bytes are read at this time, the data outputs are undefined 
The update lockout time is 248 /*s at the 4.194304 MHz and 
1 048567 MHz time bases and 1948 /ts for the 32 768 kHz 
time base The Update Cycle section shows how to accom- 
modate the update cycle in the processor program 



FIGURE 15 - ADDRESS MAP 



0 




00 




14 






Bytes 




13 




0D 


14 




OE 




50 






Bytes 






User 






RAM 




63 




3F 



0 


Seconds 


00 


1 


Seconds Alarm 


01 


2 


Minutes 


02 


3 


Minutes Alarm 


03 


4 


Hours 


04 


5 


Hours Alarm 


05 


6 


Day of Week 


06 


7 


Date of Month 


07 


8 


Month 


08 


9 


Year 


09 


10 


Register A 


OA 


11 


Register B 


0B 


12 


Register C 


OC 


13 


Register D 


0D 



> 



Binary 
or BCD 
Contents 



TABLE 3 - TIME, CALENDAR, AND ALARM DATA MODES 



Address 




Decimal 


Range 


Example* 


Function 


Binary 
Data Mode 


BCD 
Data Mode 


Location 


Range 


Binary Data Mode 


BCD Data Mode 


0 


Seconds 


0-59 


$00-$3B 


$00-$59 


15 


21 


1 


Seconds Alarm 


,_ 0-59 


$00-$3B 


$00-$59 


15 


21 


2 


Minutes 


0-59 


$00-$3B 


$00-$59 


3A 


58 


3 


Minutes Alarm 


0-59 


$00-$3B 


$00-$59 


3A 


58 




Hours 
(12 Hour Mode) 


1-12 


$01-$0C (AM) and 
$81-$8C (PM) 


$01-$12 (AM) and 
$81-$92 (PM) 


05 


05 


4 


Hours 
(24 Hour Mode) 


0-23 


$00-$17 


$00-$23 


05 


05 




Hours Alarm 


1-12 


$01-$0C (AM) and 


$01-$12 (AM) and 


05 


05 


5 


(12 Hour Mode) 


$81-$8C (PM) 


$81-$92 (PM) 


Hours Alarm 
(24 Hour Mode) 


0-23 


$00-$ 17 


$00-23 


05 


05 


6 


Day of the Week 
Sunday= 1 


1-7 


$01 -$07 


$01 -$07 


05 


05 


7 


Date of the Month 


1-31 


$01-$1F 


$01-$31 


OF 


15 


8 


Month 


1-12 


$01-$0C 


$01-$12 


02 


02 


9 


Year 


0-99 


$00-$63 


$00-$99 


4F 


79 



•Example 5 58.21 Thursday 15 February 1979 (time is AM) 
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The three alarm bytes may be used in two ways. First, 
when the program inserts an alarm time in the appropriate 
hours, minutes, and seconds alarm locations, the alarm 
interrrupt is initiated at the specified time each day if the 
alarm enable bit is high. The second usage is to insert a 
"don't care" state in one or more of three alarm bytes. The 
"don't care" code is any hexadecimal byte from CO to FF. 
That is, the two most-significant bits of each byte, when set 
fo "1", create a "don't care" situation An alarm interrupt 
each hour is created with a "don't care" code in the hours 
alarm location. Similarly, an alarm is generated every minute 
with "don't care" codes in the hours and minutes alarm 
bytes The "don't care" codes in all three alarm bytes create 
an interrupt every second 

STATIC CMOS RAM 

The 50 general purpose RAM bytes are not dedicated 
within the MC146818 They can be used by the processor 
program, and are fully available during the update cycle 

When time and calendar information must use battery 
back-up, very frequently there is other non-volatile data that 
must be retained when main power is removed The 50 user 
RAM bytes serve the need for low-power CMOS battery- 
backed storage, and extend the RAM available to the pro- 
gram 

When further CMOS RAM is needed, additional 
MC146818s may be included in the system The time/ calen- 
dar functions may be disabled by holding the DV0-DV2 
dividers, in Register A, in the reset state by setting the SET 
bit in Register B or by removing the oscillator Holding the 
dividers in reset prevents interrupts or SOW output from 
operating while setting the SET bit allows these functions to 
occur With the dividers clear, the available user RAM is ex- 
tended to 59 bytes The high-order bit of the seconds byte, 
bit 7 of Register A, and all bits of Registers C and D cannot 
effectively be used as general purpose RAM 

INTERRUPTS 

The RTC plus RAM includes three separate fully automatic 
sources of interrupts to the processor The alarm interrupt 
may be programmed to occur at rates from once-per-second 
to one-a-day The periodic interrupt may be selected for 
rates from half-a-second to 30 517 /xs The update-ended 
interrupt may be used to indicate to the program that an up- 
date cycle is completed Each of these independent interrupt 
conditions are described in greater detail in other sections 

The processor program selects which interrupts, if any, it 
wishes to receive Three bits in Register B enable the three 
interrupts Writing a "1" to a interrupt-enable bit permits 
that interrupt to be initiated when the event occurs A "0" in 
the interrupt-enable bit prohibits the IRQ pin from being 
asserted due to the interrupt cause 

If an interrupt flag is already set when the interrupt 
becomes enabled, the IRQ pin is immediately activated, 
though the interrupt initiating the event may have occurred 
much earlier Thus, there are cases where the program 
should clear such earlier initiated interrupts before first 
enabling new interrupts. 



When an interrupt event occurs a flag bit is set to a "1" in 
Register C. Each of the three interrupt sources have separate 
flag bits in Register C, which are set independent of the state 
of the corresponding enable bits in Register B. The flag bit 
may be used with or without enabling the corresponding 
enable bits. 

In the software scanned case, the program does not 
enable the interrupt. The "interrupt" flag bit becomes a 
status bit, which the software interrogates, when it wishes. 
When the software detects that the flag is set, it is an indica- 
tion to software that the "interrupt" event occurred since the 
bit was last read 

However, there is one precaution The flag bits in Register 
C are cleared (record of the interrupt event is erased) when 
Register C is read Double latching is included with Register 
C so the bits which are set are stable throughout the read 
cycle. All bits which are high when read by the program are 
cleared, and new interrupts (on any bits) are held until after 
the read cycle One, two, or three flag bits may be found to 
be set when Register C is read. The program should inspect 
all utilized flag bits every time Register C is read to insure 
that no interrupts are lost. 

The second flag bit usage method is with fully enabled 
interrupts. When an interrupt-flag bit is set and the cor- 
responding interrupt-enable bit is also set, the IRQ pin is 
asserted low. IRQ is asserted as long as at least one of the 
three interrupt sources has its flag and enable bits both set. 
The IRQF bit in Register C is a "1" whenever the IRQ pin is 
being driven low 

The processor program can determine that the RTC 
initiated the interrupt by reading Register C. A "1" in bit 7 
(IRQF bit) indicates that one or more interrupts have been 
initiated by the part. The act of reading Register C clears all 
the then-active flag bits, plus the IRQF bit. When the pro- 
gram finds IRQF set, it should look at each of the individual 
flag bits in the same byte which have the corresponding 
interrupt-mask bits set and service each interrupt which is 
set Again, more than one interrupt-flag bit may be set 



DIVIDER STAGES 

The MC146818 has 22 binary-divider stages following the 
time base as shown in Figure 1. The output of the dividers is 
a 1 Hz signal to the update-cycle logic. The dividers are con- 
troller by three divider bus (DV2, DV1, and DVO) in Register 
A. 

DIVIDER CONTROL 

The divider-control bits have three uses, as shown in Table 
4. Three usable operating time bases may be selected 
(4 194304 MHz, 1 048576 MHz, or 32 768 kHz). The divider 
chain may be held reset, which allows precision setting of 
the time When the divider is changed from reset to an 
operating time base, the first update cycle is one-half second 
later The divider-control bits are also used to facilitate 
testing the MC146818 
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TABLE 4 - DIVIDER CONFIGURATIONS 



Time-Base 
Frequency 


Divider Bits 
Register A 


Operation 
Mode 


Divider 
Reset 


Bypass First 
N-Divider Bits 


DV2 


DV1 


DVO 


4 194304 MHz 


0 


0 


0 


Yes 


- 


N = 0 


1 048576 MHz 


0 


0 


1 


Yes 




N = 2 


32 768 kHz 


0 


1 


0 


Yes 




N = 7 


Any 


1 


1 


0 


No 


Yes 




Any 


1 


1 


1 


No 


Yes 





Note Other combinations of divider bits are used for test purposes only 




SQUARE-WAVE OUTPUT SELECTION 

Fifteen of the 22 divider taps are made available to a 
1-of-15 selector as shown in Figure 1. The first purpose of 
selecting a divider tap is to generate a square-wave output 
signal at the SQW pin. The RS0-RS3 bits in Register A 
establish the square-wave frequency as listed in Table 5 The 
SQW frequency selection shares the 1-of-15 selector with 
periodic interrupts 

Once the frequency is selected, the output of the SQW pin 
may be turned on and off under program control with the 
square-wave enable (SQWE) bit in Register B Altering the 
divider, square-wave output selection bits, or the SQWE 
output-enable bit may generate an asymmetrical waveform 
at the time of execution The square-wave output pin has a 
number of potential uses For example, it can serve as a fre- 
quency standard for external use, a frequency synthesizer, or 
could be used to generate one or more audio tones under 
program control 



PERIODIC INTERRUPT SELECTION 

The periodic interrupt allows the IRQ pin to be triggered 
from once every 500 ms to once every 30 517 ^s The 
periodic interrupt is separate from the alarm interrupt which 
may be output from once-per-second to once-per-day 

Table 5 shows that the periodic interrupt rate is selected 
with the same Register A bits which select the square-wave 
frequency Changing one also changes the other But each 
function may be separately enabled so that a program could 
switch between the two features or use both The SQW pin 
is enabled by the SQWE bit in Register B Similarly the 
periodic interrupt is enabled by the PIE bit in Register B 

Periodic interrupt is usable by practically all real-time 
systems It can be used to scan for all forms of inputs from 
contact closures to serial receive bits or bytes It can be used 
in multiplexing displays or with software counters to mea- 
sure inputs, create output intervals, or await the next needed 
software function 



TABLE 5 - PERIODIC INTERRUPT RATE AND SQUARE WAVE OUTPUT FREQUENCY 





Select Bits 
Register A 




4.194304 or 1.048576 MHz 
Time Base 


32.768 kHz 
Time Base 






Periodic 


SQW Output 
Frequency 


Periodic 
Interrupt Rate 
tPI 


SQW Output 
Frequency 


RS3 


RS2 


RS1 


RS0 


Interrupt Rate 
tpi 


0 


0 


0 


0 


None 


None 


None 


None 


0 


0 


0 


1 


30 517 M s 


32 768 kHz 


3 90625 ms 


256 Hz 


0 


0 


1 


0 


61 035 ps 


16 384 kHz 


7 8125 ms 


128 Hz 


0 


0 


1 


1 


122 070 M s 


8 192 kHz 


122 070 ms 


8 192 kHz 


0 


1 


0 


0 


244 141 ,ts 


4 096 kHz 


244 141 ms 


4 096 kHz 


0 


1 


0 


1 


488 281 M s 


2 048 kHz 


488 281 ms 


2 048 kHz 


0 


1 


1 


0 


976 562 M s 


1 024 kHz 


976 562 ms 


1 024 kHz 


0 


1 


1 


1 


1 953125 ms 


512 Hz 


1 953125 ms 


512 Hz 




0 


0 


0 


3 90625 ms 


256 Hz 


3 90625 ms 


256 Hz 




0 


0 


1 


7 8125 ms 


128 Hz 


7 8125 ms 


128 Hz 




0 


1 


0 


15 625 ms 


64 Hz 


15 625 ms 


64 Hz 




0 


1 


1 


31 25 ms 


32 Hz 


31 25 ms 


32 Hz 




1 


0 


0 


62 5 ms 


16 Hz 


62 5 ms 


16 Hz 




1 


0 


1 


125 ms 


8 Hz 


125 ms 


8 Hz 




1 


1 


0 


250 ms 


4 Hz 


250 ms 


4 Hz 




1 


1 


1 


500 ms 


2 Hz 


500 ms 


2 Hz 
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UPDATE CYCLE 

The MC146818 executes an update cycle once-per- 
second, assuming one of the proper time bases is in place, 
the DV0-DV2 divider is not clear, and the SET bit in Register 
B is clear. The SET bit in the "1" state permits the program 
to initialize the time and calendar bytes by stopping an exist- 
ing update and preventing a new one from occurring. 

The primary function of the update cycle is to increment 
the seconds byte, check for overflow, increment the minutes 
byte when appropriate and so forth through to the year of 
the century byte The update cycle also compares each 
alarm byte with the corresponding time byte and issues an 
alarm if a match or if a "don't care" code (11XXXXXX) is 
present in all three positions. 

With a 4.194304 MHz or 1.048576 MHz time base the up- 
date cycle takes 248 /ts while a 32.768 kHz time base update 
cycle takes 1984 /ts. During the update cycle, the time, calen- 
dar, and alarm bytes are not accessable by the processor 
program The MC146818 protects the program from reading 
transitional data. This protection is provided by switching 
the time, calendar, and alarm portion of the RAM off the 
microprocessor bus during the entire update cycle If the 
processor reads these RAM locations before the update is 
complete the output will be undefined The update in pro- 
gress (UIP) status bit is set during the interval 

A program which randomly accesses the time and date in- 
formation finds data unavailable statistically once every 4032 
attempts Three methods of accommodating nonavailability 
during update are usable by the program In discussing the 
three methods it is assumed that at random points user pro- 
grams are able to call a subroutine to obtain the time of day 

The first method of avoiding the update cycle uses the 
update-ended interrupt If enabled, an interrupt occurs after 
every update cycle which indicates that over 999 ms are 
available to read valid time and date information During this 
time a display could be updated or the information could be 
transfered to continuously available RAM Before leaving the 
interrupt service routine, the IRQF bit in Register C should be 
cleared 

The second method uses the update-in-progress bit (UIP) 
in Register A to determine if the, update cycle is in progress 
or not The UIP bit will pulse once-per-second. Statistically, 
the UIP bit will indicate that time and date information is 
unavailable once every 2032 attempts. After the UIP bit goes 
high, the update cycle begins 244 /is later. Therefore, if a low 
is read on the UIP bit, the user has at least 244 fis before the 
time/calendar data will be changed If a "1" is read in the 
UIP bit, the time/ calendar data may not be valid. The user 
should avoid interrupt service routines that would cause the 



time needed to read valid time/calendar data to exceed 
244 M s. 

The third method uses a periodic interrupt to determine if 
an update cycle is in progress. The UIP bit in Register A is set 
high between the setting of the PF bit in Register C (see 
Figure 16) Periodic interrupts that occur at a rate of greater 
than tBUC+ l UC a ||o w valid time and date information to be 
read at each occurrence of the periodic interrupt. The reads 
should be completed within (Tp|->-2)+ tBUC t0 ensure that 
data is not read during the update cycle. 

To properly setup the internal counters for daylight sav- 
ings time operation, the user must set the time at least two 
seconds before the rollover will occur Likewise, the time 
must be set at least two seconds before the end of the 29th 
or 30th day of the month. 

REGISTERS 

The MC146818 has four registers which are accessible to 
the processor program The four registers are also fully ac- 
cessible during the update cycle 



REGISTER A ($0A) 

MSB 



LSB 



b7 


b6 


b5 


b4 


b3 


b2 


b1 


bO 


UIP 


DV2 


DV1 


DV0 


RS3 


RS2 


RS1 


RS0 



Read/Write 
Register 
except UIP 



UIP — The update in progress (UIP) bit is a status flag that 
may be monitored by the program. When UIP is a "1" the 
update cycle is in progress or will soon begin When UIP is a 
"0" the update cycle is not in progress and will not be for at 
least 244 /is (for all time bases) This is detailed in Table 6 
The time, calendar, and alarm information in RAM is fully 
available to the program when the UIP bit is zero — it is not 
in transition. The UIP bit is a read-only bit, and is not af- 
fected by Reset. Writing the SET bit in Register B to a "1" 
inhibit any update cycle and then clear the UIP status bit. 

TABLE 6 - UPDATE CYCLE TIMES 



UIP Bit 


Time Base 
(OSC1) 


Update Cycle Time 

<tuc> 


Minimum Time 
Before Update 
Cycle (tBUC> 


1 


4 194304 MHz 


248 




1 


1 048576 MHz 


248 




1 


32.768 kHz 


1984 




0 


4.194304 MHz 




244 ,ts 


0 


1 048576 MHz 




244 us 


0 


32.768 kHz 




244 /is 



FIGURE 16 - UPDATE-ENDED AND PERIODIC INTERRUPT RELATIONSHIPS 



UIP bit in 
Register A . 



UF bit in 
Register C 



PF bit in 
Register C , 



<BUC- 



i 



<uc 



rm 



h — 
JUL 



tpi 



tpi+2 



tpi+2 



HL 



JUL 



tp| = Periodic Interrupt Time Interval (500 ms, 250 ms, 125 ms, 62 5 ms, etc per Table 5) 
l UC= Update Cycle Time (248 /is or 1984 /is) 
tBUC = Delay Time Before Update Cycle (244 psl 
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DV2, DV1, DVO — Three bits are used to permit the pro- 
gram to select various conditions of the 22-stage divider 
chain The divider selection bits identify which of the three 
time-base frequencies is in use. Table 4 shows that time 
bases of 4 194304 MHz, 1 048576 MHz, and 32.768 kHz may 
be used The divider selection bits are also used to reset the 
divider chain When the time/ calendar is first initialized, the 
program may start the divider at the precise time stored in 
the RAM When the divider reset is removed the first update 
cycle begins one-half s econd la ter. These three read/write 
bits are not affected by RESET. 



quency specified in the rate selection bits (RS3 to RSO) ap- 
pears on the SQW pin. When the SQWE bit is set to a zero 
the SQW p in is held low. The state of SQWE is cleared by 
the RESET pin SQWE is a read/write bit 

DM - The data mode (DM) bit indicates whether time 
and calendar updates are to use binary or BCD formats The 
DM bit is written by the processor program and may be read 
by the pro gram, but is not modified by any internal functions 
or RESET A "1" in DM signifies binary data, while a "0" in 
DM specifies binary-coded-decimal (BCD) data 



RS3, RS2, RS1, RSO - The four rate selection bits select 
one of 15 taps on the 22-stage divider, or disable the divider 
output The tap selected may be used to generate an output 
square wave (SQW pin) and/or a periodic interrupt The pro- 
gram may do one of the following 1) enable the interrupt 
with the PIE bit, 2) enable the SQW output pin with the 
SQWE bit, 3) enable both at the same time at the same rate. 




24/12 - The 24/12 control bit establishes the format of 
the hours bytes as either the 24-hour mode (a "1") or the 
12-hour mode (a "0") This is a read/write bit, which is af- 
fected only by software 

DSE — The daylight savings enable (DSE) bit is a 
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REGISTER D ($0D) 

MSB 



LSB 



b7 


b6 


b5 


b4 


b3 


b2 


b1 


bO 


VRT 


0 


0 


0 


0 


0 


0 


0 



Read Only 
Register 



VRT - The valid RAM and time (VRT) bit indicates the 
condition of the contents of the RAM, provided the power 
sense (PS) pin is satisfactorily connected. A "0" appears in 
the VRT bit when the power-sense pin is low. The processor 
program can set the VRT bit when the time and calendar are 
initialized to indicate that the RAM and time are vali d. The 
VRT is a read only bit which is not modified by the RESET 
pin The VRT bit can only be set by reading Register D. 

b6 TO bO — The remaining bits of Register D are unused 
They cannot be written, but are always read as "0's." 

TYPICAL INTERFACING 

The MC146818 is best suited for use with microprocessors 
which generate an address-then-data multiplexed bus 
Figures 17 and 18 show typical interfaces to bus-compatible 



processors These interfaces assume that the address 
decoding can be done quickly However, if standard metal- 
gate CMOS gates are used the CE setup time may be 
violated. Figure 19 illustrates an alternative method of chip 
selection which will accommodate such slower decoding. 

The MC146818 can be interfaced to single-chip microcom- 
puters (MCU) by using eleven port lines as shown in Figure 
20. Non-multiplexed bus microprocessors can be interfaced 
with additional support 

There is one method of using the multiplexed bus 
MC146818 with non-multiplexed bus processors. The inter- 
face uses available bus control signals to multiplex the 
address and data bus together 

An example using either the Motorola MC6800, MC6802, 
MC6808, or MC6809 microprocessor is shown in Figure 21 

Figure 22 illustrates the subroutines which may be used for 
data transfers in a non-multiplexed system. The subroutines 
should be entered with the registers containing the following 
data 

Accumulator A. The address of the RTC to be accessed 
Accumulator B Write: The data to be written. 

Read. The data read from the RTC. 

The RTC is mapped to two consecutive memory locations - 

RTC and RTC + 1 as shown in Figure 21. 



FIGURE 17 - MC146818 INTERFACED WITH 
MOTOROLA COMPATIBLE MULTIPLEXED BUS MICROPROCESSORS 



MC6801 
MC146805E2 
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FIGURE 18 - MC146818 INTERFACED WITH 
COMPETITOR COMPATIBLE MULTIPLEXED BUS MICROPROCESSORS 



8085 
8048 
8049 



0 
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Address Latch Enable (ALE) 



Read (Rl 
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FIGURE 19 - MC146818 INTERFACE WITH MC146805E2 
CMOS MULTIPLEXED MICROPROCESSOR WITH SLOW ADDRESSING DECODING 



MC146805E2 



OSC1 



^ Interrupt Request (IRQ) 


Read/Write (R/W) 


i 




Address Strobe (AS) 
M 








Data Strobe (DS) 
*~e 


i 















5 Non-Multiplexed Address 



^8 Mu 



Itiplexed Address/ Data 



DS 



Address 
Decode 



RESET 



5-7 Non-multiplexed address 



A12 



DS CE AS R/W IRQ AD0-AD7 



MC146818 



CKOUT CKFS 



SQW 



This illustrates the use of CMOS gating for address decoding 
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FIGURE 20 - MC146818 INTERFACED WITH THE PORTS OF A 
TYPICAL SINGLE CHIP MICROCOMPUTER 
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FIGURE 21 - MC146818 INTERFACED WITH MOTOROLA PROCESSORS 
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FIGURE 22 - SUBROUTINE FOR READING AND WRITING 
THE MC146818 WITH A NON-MULTIPLEXED BUS 



READ STA RTC Generate AS and Latch Data from ACCA 

LDAB RTC+ 1 Generate DS and Get Data 
RTS 

WRITE STA RTC Generate AS and Latch Data from ACCA 

STAB RTC + 1 Generate DS and Store Data 
RTS 



IMPORTANT NOTICES 



Those devices made with date code 3N4GXXXX have the 
following exceptions when used in the Motorola mode of 
MOTEL. 

1 Vdd = 3 to 5 25 V for operation 
2. DS V|L = 0.6 V Max 



The falling edge of chip select should occur during the ac- 
tive high pulse of address strobe, only on those units with 
date code GC6XXXX. 



PIN ASSIGNMENT 



NC 


C 


1 ^> 


•S 24 


] VQD 


OSC1 


E 


2 


23 


] SOW 


OSC2 


c 


3 


22 


] PS 


ADO 


c 


4 


21 


1 CKOUT 


AD1 


c 


5 


20 


] CKFS 


AD2 


c 


6 


19 


] IRQ 


AD3 


[ 


7 


18 


] RESET 


A 04 


c 


8 


17 


] DS 


AD5 


[ 


9 


16 


] NC 


AD6 


[ 


10 


15 


] R/W 


AD7 


[ 




14 


] AS 


v S s 


[ 


12 


13 


Ice 
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Advance Information 

Real-Time Clock Plus RAM (RTC) 

The MC146818A Real-Time Clock plus RAM is a peripheral device which includes the unique 
MOTEL concept for use with various microprocessors, microcomputers, and larger computers. This 
part combines three unique features: a complete time-of-day clock with alarm and one hundred 
year calendar, a programmable periodic interrupt and square-wave generator, and 50 bytes of low- 
power static RAM. The MC146818A uses high-speed CMOS technology to interface with 1 MHz pro- 
cessor buses, while consuming very little power. 

The Real-Time Clock plus RAM has two distinct uses. First, it is designed as a battery powered 
CMOS part (in an otherwise NMOS/TTL system) including all the common battery backed-up func- 
tions such as RAM, time, and calendar. Secondly, the MC146818A may be used with a CMOS 
microprocessor to relieve the software of the timekeeping workload and to extend the available 
RAM of an MPU such as the MC146805E2. 

• Low-Power, High-Speed CMOS 

• Internal Time Base and Oscillator 

• Counts Seconds, Minutes, and Hours of the Day 

• Counts Days of the Week, Date, Month, and Year 

• 3- to 6-Volt Operation 

• Time Base Input Options: 4.194304 MHz, 1.048576 MHz, or 32.768 kHz 

• Time Base Oscillator for Parallel Resonant Crystals 

• 40 to 200 p.W Typical Operating Power at Low Frequency Time Base 

• 4.0 to 20 mW Typical Operating Power at High Frequency Time Base 

• Binary or BCD Representation of Time, Calendar, and Alarm 

• 12- to 24-Hour Clock with AM and PM in 12-Hour Mode 

• Daylight Savings Time Option 

• Automatic End of Month Recognition 

• Automatic Leap Year Compensation 

• Microprocessor Bus Compatible 

• Selectable Between Motorola and Competitor Bus Timing 

• Multiplexed Bus for Pin Efficiency 

• Interfaced with Software as 64 RAM Locations 

• 14 Bytes of Clock and Control Registers 

• 50 Bytes of General Purpose RAM 

• Status Bit indicates Data Integrity 

• Bus Compatible Interrupt Signals (IRQ) 

• Three Interrupts are Separately Software Maskable and Testable 

Time-of-Day Alarm, Once-per-Second to Once-per-Day 
Periodic Rates from 30.5 u.s to 500 ms 
End-of-Clock Update Cycle 

• Programmable Square-Wave Output Signal 

• Clock Output May Be Used as Microprocessor Clock Input At Time Base 
Frequency -1 or -4 

• 24-Pin Dual-ln-Line Package 

• Quad Pack Also Available 



This document contains information on a new product Specifications and information herein are subject to change without notice 
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FIGURE 1 - BLOCK DIAGRAM 
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MAXIMUM RATINGS (Voltages referenced to V ss ) 



Ratings 


Symbol 


Value 


Unit 


Supply Voltage 


vdd 


-0 3 to +8 0 


V 


All Input Voltages Except OSC1 


v, n 


Vss-0 5 to Vdd + 0 5 


V 


Current Drain per Pin Excluding 

vqd and Vss 


i 


10 


mA 


Operating Temperature Range 
MC146818A 
MC146818AC 


TA 


T L to T H 
0to70 
-40 to 85 


°C 


Storage Temperature Range 


T stg 


-55 to +150 


°C 



THERMAL CHARACTERISTICS 



Characteristic 


Symbol 


Value 


Unit 


Thermal Resistance 


9JA 




°c/w 


Plastic 




120 




PLCC 




120 





This device contains circuitry to protect the in- 
puts against damage due to high static voltages 
or electric fields, however, it is advised that nor- 
mal precautions be taken to avoid application of 
any voltage higher than maximum rated voltages 
to this high-impedance circuit For proper opera- 
tion it is recommended that V, n and V ou t be con- 
strained to the range Vsss(V m or V ou t) 
sVdd Reliability of operation is enhanced if 
unused inputs are tied to an appropriate logic 
voltage level (e g , either Vss or Vdd* 
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DC ELECTRICAL CHARACTERISTICS (Vdd = 3 Vdc, Vss = 0 Vdc. T A =T L to T H unless othervyise noted) 



Characteristics 


Symbol 


Min 


Max 


Unit 


Frequency of Operation 


'osc 


32 768 


32 768 


kHz 


Output Voltage 
l Loa d<10/iA 


vol 




0 1 


V 


V 0 H 


vdd-o 1 


- 


'DD — Bus Idle 

CKOUT=f osc , Cl=15pF, SOW Disabled, STBY = 02V, C L (OSC2) = 10 pF 
-f osc = 32 768 kHz 


IDD3 


- 


50 


M A 


'DD — Quiescent 
f 0SC =DC, 0SC1 = DC, 
All Other lnputs= Vdd - 0 2 V, 
No Clock 


In HA 




50 


/iA 


Output High Voltage 
(l Load= -0 25 mA, All Outputs! 


VOH 


2 7 


- 


V 


Output Low Voltage 
ll Load = ° 25 mA . Al1 Outputs) 


vol 




0 3 


V 


Input High Voltage STBY, AD0-AD7, DS, AS, R/W, CS 

RESET, CKFS, PS, OSCI 
MOT 


V|H 


2 1 
2 5 

v D d 


vdd 
vdd 
vdd 


V 


Input Low Voltage STBY, AD0-AD7, DS, AS, R/W, CS, CKFS. PS, RESET, OSC1 

MOT 


V| L 


vss 
vss 


0 5 

vss 


V 


Input Current AS, DS, R/W 

MOT, OSCI, CE, STBY, RESET, CKFS, PS 


■in 




±10 

±1 




Three-State Leakage IRQ, AD0-AD7 


Itsl 




±10 


fA 


DC ELECTRICAL CHARACTERISTICS (V D d = 5 Vdc ±10%, V ss = 0 Vdc, T A =T L to T H unless otherwise noted) 


Characteristics 


Symbol 


Min 


Max 


Unit 


Frequency of Operation 


fosc 


32 768 


4194 304 


kHz 


Output Voltage 
l Load <10/tA 


vol 




0 1 


V 


voh 


vdd-o 1 




IpD — Bus Idle (External Clock) 
CKOUT=f osc , C L =15pF, SOW Disabled, STBY = 0 2V, C L (OSC2) = 10 pF 
f osc = 4 194304 MHz 
f osc =1 048516 MHz 
f osc =32 768 kHz 


!DD1 
'DD2 
IDD3 




3 

800 
50 


mA 
fA 
pA 


'DD — Quiescent 
f 0SC =DC, OSC1 = DC, 
All Other lnputs=Vrj D -0 2 V, 
No Clock 


IDD4 




50 


„A 


Output High Voltage 
dLoad= - 1 6 mA, AD0-AD7, CKOUT) 
<!Load = ~ 1 0 mA, SQW) 


voh 


4 1 




V 


Output Low Voltage 

(I L 0ac | = 1 6 mA, AD0-AD7, CKOUT) 
< l Load= 1 0 mA, IRQ and SQW) 


vol 




04 


V 


Input High Voltage STBY, CFKS, AD0-AD7, DS, AS, R/W, CS, PS 

RESET 
OSCI 
MOT 


V|H 


VDD-20 

Vdd-0 8 
Vdd-1 o 
Vnn 


vdd 
vdd 
v D d 
Vdd 


V 


Input Low Voltage CKFS, PS, RESET, STBY, AD0-AD7, DS, AS, R/W, CS, OSC1 

MOT 


VlL 


vss 
vss 


08 

vss 


V 


Input Current AS, DS, R/W 

MOT, OSCI, CE, STBY, RESET, CKFS, PS 


■in 




±10 

±1 


MA 


Three-State Leakage iRQ, AD0-AD7 


Itsl 




±10 


pA 
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BUS TIMING 



Ident. 
Number 


tsitaractenstic 


oymbol 


V DD = 3.0 V 
50 pF Load 


V DD = 5.0V 

±10% 
1 TTL and 
130 pF Load 


Unit 










1 


Cycle Time 


l cyc 


5000 




953 


dc 


ns 


2 


Pulse Width, DS/E Low or RD/WR High 


PWel 


1000 




300 




ns 


3 


Pulse Width, DS/E High or RD/WR Low 


pw eh 


1500 




325 




ns 


4 


Input Rise and Fall Time 


tr. tf 




100 




30 


ns 


8 


R/W Hold Time 


tRWH 


10 




10 




ns 


13 


R/W Setup Time Before DS/E 


tRWS 


200 




80 




ns 


14 


Chip Select Setup Time Before DS, WR, or RD 


'cs 


200 


- 


25 


- 


ns 


15 


Chip Select Hold Time 


tCH 


10 


— 


0 


— 


ns 


18 


Read Data Hold Time 


*DHR 


10 


1000 


10 


100 


ns 


21 


Write Data Hold Time 


tDHW 


100 




0 




ns 


24 


Muxed Address Valid Time to AS/ALE Fall 


t ACI 


200 




50 




ns 


25 


Muxed Address Hold Time 


t A Ul 

AHL 


100 




20 




ns 


26 


Delay Time DS/E to AS/ALE Rise 




500 




50 




ns 


27 


Pulse Width, AS/ALE High 


PWaSH 


600 




135 




ns 


28 


Delay Time, AS/ALE to DS/E Rise 


tASED 


500 




60 




ns 


30 


Peripheral Output Data Delay Time from 
DS/E or RD 


'DDR 


1300 




20 


240 


ns 


31 


Peripheral Data Setup Time 


tDSW 


1500 




200 




ns 


32 


STBY Setup Time before AS/ALE Rise 


tSBS 


20 




20 




ns 


33 


STBY Hold Time after AS/ALE Fall 


tSBH 


100 




50 




ns 



NOTE: Designations E, ALE, RD, and WR refer to signals from alternative microprocessor signals. 

FIGURE 2 - MC146818A BUS TIMING 
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Note VhigH = v DD~2.0 V, V L OW = 0.8 V, forVoD = 5 0V ±10% for outputs only. 
V HIGH = 2 0 V, Vlow = ° 5 v - for Vqd=3.0 V for outputs only. 
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FIGURE 3 - BUS READ TIMING COMPETITOR MULTIPLEXED BUS 

©- 



ALE (Address Latch Enable) 
(AS Pin) 



RD (Read Output Enable) 
IDS Pin) 



WR (Write Enable) 
(R/W Pin) 



CS (Chip Select) 



AD0-AD7 
(Address/ Data Bus) 



ALE (Address Latch Enable) 
(AS Pin) 



RD (Read Output Enable) 
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CS (Chip Select) 



STBY 



AD0-AD7 
(Address/Data Bus) 



A 



A 



-(§>— > 
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FIGURE 4 - BUS WRITE TIMING COMPETITOR MULTIPLEXED BUS 
© 
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Valid 



Note Vhiqh = V DD" 2 0 v - v LOW = ° 8 V ' f ° r Vdd = 5 0 V ± 10% for outputs only 
V HIGH = 2 0 V, V|_ow = ° 5 V ' for V DD = 3 0 v for outputs only 
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TABLE 1 - SWITCHING CHARACTERISTICS (Vss = 0 Vdc, Ta = T|_ to Th) 



Description 


Symbol 


Vdd = 3 0 Vdc 


VDD = 5 0Vdc ±10% 


Unit 


Min 


Max 


Min 


Max 


Oscillator Startup 


*RC 




300 




100 




Reset Pulse Width 


tRWL 


25 




5 




|iS 


Reset Delay Time 


tRLH 


25 




5 




U.S 


Power Sense Pulse Width 


tPWL 


25 




5 




us 


Power Sense Delay Time 


tPLH 


25 




5 




US 


IRQ Release from DS 


t|RDS 




10 




2 


(IS 


IRQ Release from RESET 


t|RR 




10 




2 


|1S 


VRT Bit Delay 


tVRTD 




10 




2 


(IS 



FIGURE 5 - IRQ RELEASE DELAY 
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NOTE. V H |GH = VDD-20 V, V|_OW = 08 V, for Vdd = 50 V ±10% 
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FIGURE 6 - TTL EQUIVALENT TEST LOAD 
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All Outputs Except OSC2 (See Figure 10) 
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FIGURE 7 - POWER-UP 




VDD 



0 V 




PS Pin 



VRT Bit 



FIGURE 8 - CONDITIONS THAT CLEAR VRT BIT 
if 



■tPLH 



W- tPWL" 



-ss- 



tVRTD 



0 



©The VRT bit is set to a "1" by reading Register d The VRT bit can only be cleared by pulling the PS pin low (see REGISTER 



D ($00)). 
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SIGNAL DESCRIPTIONS 

The block diagram in Figure 1, shows the pin connection 
with the major internal functions of the MC146818A Real- 
Time Clock plus RAM. The following paragraphs describe 
the function of each pin. 

vdd. vss 

DC power is provided to the part on these two pins, Vqd 
being the more positive voltage. The minimum and maxi- 
mum voltages are listed in the Electrical Characteristics 
tables. 

MOT- MOTEL 

The MOT pin offers flexibility when choosing bus type. 
When tied to Vqd. Motorola timing is used. When tied to 
VsS' competitor timing is used. The MOT pin must be hard- 
wired to the Vdd or Vss supply and cannot be switched 
during operation of the MC146818A. 

OSC1, OSC2 - TIME BASE, INPUTS 

The time base for the time functions may be an external 
signal or the crystal oscillator. External square waves at 
4.194304 MHz, 1.048576 MHz, or 32.768 kHz may be con- 
nected to OSC1 as shown in Figure 9. The internal time-base 
frequency to be used is chosen in Register A. 

The on-chip oscillator is designed for a parallel resonant 
AT cut crystal at 4. 194304 MHz, 1.048576 MHz or 32.768 kHz 
frequencies. The crystal connections are shown in Figure 10 
and the crystal characteristics in Figure 1 1 . 

CKOUT - CLOCK OUT, OUTPUT 

The CKOUT pin is an output at the time-base frequency 
divided by 1 or 4. A major use for CKOUT is as the input 
clock to the microprocessor; thereby saving the cost of a 
second crystal. The frequency of CKOUT depends upon the 
time-base frequency and the state of the CKFS pin as shown 
in Table 2. 

CKFS - CLOCK OUT FREQUENCY SELECT, INPUT 

When the CKFS pin is tied to Vqd. it causes CKOUT to be 
the same frequency as the time base at the OSC1 pin. When 
CKFS is tied to Vss- CKOUT is the OSC1 time-base fre- 
quency divided by four. Table 2 summarizes the effect 
of CKFS. 

TABLE 2 - CLOCK OUTPUT FREQUENCIES 



Time Base 

(OSC1I 
Frequency 


Clock Frequency 
Select Pin 
(CKFS) 


Clock Frequency 
Output Pin 
(CKOUT) 


4 194304 MHz 


High 


4 194304 MHz 


4 194304 MHz 


Low 


1 048576 MHz 


1 048576 MHz 


High 


1 048576 MHz 


1 048576 MHz 


Low 


262 144 kHz 


32 768 kHz 


High 


32 768 kHz 


32 768 kHz 


Low 


8.192 kHz 



SOW - SQUARE WAVE, OUTPUT 

The SOW pin can output a signal from one of the 15 taps 
provided by the 22 internal-divider stages. The frequency of 
the SOW may be altered by programming Register A, as 
shown in Table 5. The SOW signal may be turned on and off 
using the SQWE bit in Register B. 



AD0-AD7 — MULTIPLEXED BIDIRECTIONAL 
ADDRESS/DATA BUS 

Multiplexed bus processors save pins by presenting 
the address during the first portion of the bus cycle and 
using the same pins during the second portion for data. 
Address-then-data multiplexing does not slow the ac- 
cess time of the MC146818A since the bus reversal from 
address to data is occurring during the internal RAM 
access time. 

The address must be valid just prior to the fall of AS/ 
ALE at which time the MC146818A latches the address 
from ADO to AD5. Valid write data must be presented 
and held stable during the latter portion of the DS or 
WR pulses. In a read cycle, the MC146818A outputs 
eight bits of data during the latter portion of the DS or 
RD pulses, then ceases driving the bus (returns the out- 
put drivers to the high-impedance state) when DS falls 
in the Motorola case of MOTEL or RD rises in the other 
case. 

AS — MULTIPLEXED ADDRESS STROBE, INPUT 

A positive going multiplexed address strobe pulse 
serves to demultiplex the bus. The falling edge of AS 
or ALE causes the address to be latched within the 
MC146818A. The addressjatch within the MC146818A 
operates independent of CS. 

DS — DATA STROBE OR READ, INPUT 

The DS pin has two interpretations via the MOTEL 
circuit. When emanating from a Motorola type proces- 
sor, DS is a positive pulse during the latter portion of 
the bus cycle, and is variously called DS (data strobe), 
E (enable), and 4>2 (<J>2 clock). During read cycles, DS 
signifies the time that the RTC is to drive the bidirec- 
tional bus. In write cycles, the trailing edge of DS causes 
the Real-Time Clock plus RAM to latch the written data. 

The s eco nd M OTEL interpretation of DS is that of RD, 
MEMR, or l/OR emanating from the competitor type 
processor. In this case, DS identifies the time period 
when the real-time clock plus RAM drives the bus with 
read data. This interpretation of DS is also the same as 
an output-enable signal on a typical memory. 

R/W — READ/WRITE, INPUT 

The MOTEL circuit treats the R/W pin in one of two 
ways. When a Motorola type processor is connected, 
R/W is a level which indicates whether the current cycle 
is a read or_write. A read cycle is indicated with a high 
level on R/W while DS is high, whereas a write cycle is 
a low on R/W during DS. 

The seco nd inter preta tion o f R/W is as a negative write 
pulse, WR, MEMW, and l/OW from competitor typepro- 
cessors. The MOTEL circuit in this mode gives R/W pin 
the same meaning as the write (W) pulse on many ge- 
neric RAMs. 

C5 — CHIP SELECT, INPUT 

The chip-select (CS~) signal must be asserted (low) for 
a bus cycle in which the MC146818A is to be accessed. 
CS~ is not latched and must be stable during DS and AS 
(Motorola case of MOTEL) and during RD and WR. When 
C5 is not used, it should be grounded. (See Figure 20). 
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FIGURE 9 - EXTERNAL TIME-BASE CONNECTION 

V D D 

Optional 
(V DD -10V) 
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FIGURE 10 - CRYSTAL OSCILLATOR CONNECTION 

2 



4 194304 MHz, 
1 048576 MHz, 
or 

32 768 kHz 




f-VW 

300-470 k* 



*32 768 kHz Only - Consult Crystal Manufacturer's Specification 

FIGURE 11 - CRYSTAL PARAMETERS 

Crystal Equivalent Circuit 
L1 C1 RS 



-vw- 




co 



f osc 


4.194304 MHz 


1.048576 MHz 


32.768 kHz 


RS (Maximum) 


75(1 


700 0 


50 k j 


CO (Maximum) 


7pF 


5pF 


1 7 pF 


C1 


0 012 pF 


0 008 pF 


0 003 pF 


Q 


50 k 


35 k 


30 k 


Cin^C 0 ut 


15-30 pF 


15-40 pF 


10-22 pF 


R 






300-470 k 


Rf 


10 M 


10 M 


22 M 
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IRQ - INTERRUPT REQUEST, OUTPUT 

The IRQ pin is an active low output of the MC146818A that 
may be used as an interrupt input to a processor. The l~EQ 
output remains low as long as the status bit causing the in- 
terrupt is present and the corresponding interrupt-enable bit 
is set. To clear the IRQ pin, th e processor program normally 
reads Register C. The RESET pin also clears pending inter- 
rupts. 

When no interrupt conditions are present, the IRQ level is 
in the high-impedance state. Multiple interrupting devices 
may thus be connected to an IRQ bus with one pullup at the 
processor. 

RESET - RESET, INPUT 

The RESET pin does not affect the c lock, calendar, or 
RAM functions. On powerup, the RESET pin must be held 
low for the specified time, tR|_h|, ' n order to allow the power 
supply to stab ilize. Figure 12 shows a typical representation 
of the RE SET p in circuit. 

When RESET is low the following occurs. 

a) Periodic Interrupt Enable (PIE) bit is cleared to 
zero, 

b) Alarm Interrupt Enable (AIE) bit is cleared to zero, 

c) Alarm Interrupt Enable (AIE) bit is cleared to zero, 

d) Update ended Interrupt Flag (UF) bit is cleared to zero, 

e) Interrupt Request status Flag (IRQF) bit is cleared to 
zero, 

f) Periodic Interrupt Flag (PF) bit is cleared to zero, 

g) The part is not accessible. 

h) Alarm Interrupt Flag (AF) bit is cleared to zero, 

i) IRQ pin is in high-impedance state, 

j) Square Wave output Enable (SQWE) bit is cleared 

to zero, and 
k) Standby Input Enabled if AS is low. 

STBY — STANDBY 



FIGURE 12-TYPICAL POWERUP DELAY 
CIRCUIT FOR RESET 



The STBY pin, when active, prevents access to the 
MC146818A making it ideal for battery back-up appli- 
cations. Standby operation incorporates a t rans parent 
latch. After data strobe (DS) goes low (RD or WR rises), 
STBY i s reco gnized as a valid signal. 

The STBY signal is totally asynchronous. Its trans- 
parent l atch is open ed by the falling edge of DS (rising 
edge of RD or WR) and clocke d by the rising edge of 
AS (ALE). Therefore, for STBY to be recogn ized , DS 
and AS should occur in pairs. When STBY goes low 
before the falling edge of DS (rising edge of WR or RD"), 
the current cycle is completed at that edge, a nd the next 
cycle will not be executed. A low on the RESET pin 
enables the standby input. 

PS — POWER SENSE, INPUT 

The power-sense pin is used in the control of the valid 
RAM and time (VRT) bit in Register D. When the PS pin 
is low, the VRT bit is cleared to zero. 

When using the VRT feature during powerup, the PS 
pin must be externally held low for the specified tpLH 
time. As power is applied, the VRT bit remains low in- 
dicating that the contents of the RAM, time registers, 
and calendar are not guaranteed. PS must go high after 
powerup to allow the VRT bit to be set by a read of 
Register D. 



System 
VDD ' 



D3 



tJ 



1 0 k 



0 005/iF vss 



D2 

k 



Battery 
Backup 



VDD 




X 



D1 = MBD701 (Schottky) or Equivalent 
D2=D3=1N4148 or Equivalent 

Note If the RTC is isolated from the MPU or MCU power by a 
diode drop, caie must be taken to meet V m requirements 



FIGURE 13 - TYPICAL POWERUP DELAY CIRCUIT 
FOR POWER SENSE 
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POWER-DOWN CONSIDERATIONS 

In most systems, the MC146818A must continue to keep 
time when system power is removed. In such systems, a 
conversion from system power to an alternate power supply, 
usually a battery, must be made During the transition from 
system to battery power, the designer of a battery backed-up 
RTC system must protect data integrity, minimize power 
consumption, and ensure hardware reliability. 

The STB Y pin controls all bus inputs (R/W, DS, AS, 
AD0-AD7). STBY, when asserted, disallows any unin- 
tended modification of the RTC data by the bus. STBY 
also reduces power consumption by reducing the num- 
ber of transitions seen internally. 

Power consumption may be further reduced by removing 
resistive and capacitive loads from the clock out (CKOUT) 
pin and the squarewave (SQW) pin. 

During and after the power source conversion, the V|n 
maximum specification must never be exceeded Failure to 
meet the V|n maximum specification can cause a virtual 
SCR to appear which may result in excessive current dram 
and destruction of the part 

ADDRESS MAP 

Figure 14 shows the address map of the MC146818A The 
memory consists of 50 general purpose RAM bytes, 10 RAM 
bytes which normally contain the time, calendar, and alarm 
data, and four control and status bytes All 64 bytes are 
directly readable and writable by the processor program ex- 
cept for the following 1) Registers C and D are read only, 
2) bit 7 of Register A is read only, and 3) the high-order bit of 
the seconds byte is read only The contents of four control 
and status registers (A, B, C, and D) are described in 
REGISTERS. 

TIME, CALENDAR, AND ALARM LOCATIONS 

The processor program obtains time and calendar infor- 
mation by reading the appropriate locations. The program 
may initialize the time, calendar, and alarm by writing to 
these RAM locations The contents of the 10 time, calendar, 
and alarm bytes may be either binary or binary-coded 
decimal (BCD) 



Before initializing the internal registers, the SET bit in 
Register B should be set to a "1" to prevent time/calendar 
updates from occurring The program initializes the 10 loca- 
tions in the selected format (binary or BCD), then indicates 
the format in the data mode (DM) bit of Register B All 
10 time, calendar, and alarm bytes must use the same data 
mode, either binary or BCD The SET bit may now be cleared 
to allow updates Once initialized the real-time clock makes 
all updates in the selected data mode The data mode cannot 
be changed without reinitializing the 10 data bytes 

Table 3 shows the binary and BCD formats of the 10 time, 
calendar, and alarm locations The 24/12 bit in Register B 
establishes whether the hour locations represent 1 -to-12 or 
0-to-23. The 24/12 bit cannot be changed without reinitializ- 
ing the hour locations When the 12-hour format is selected 
the high-order bit of the hours byte represents PM when it is 
a "1" 

The time, calendar, and alarm bytes are not always 
accessible by the processor program. Once per second the 
10 bytes are switched to the update logic to be advanced by 
one second and to check for an alarm condition If any of the 
10 bytes are read at this time, the data outputs are unde- 
fined The update lockout time is 248 /ts at the 4. 194304 MHz 
and 1.048567 MHz time bases and 1948/iS for the 32.768 kHz 
time base. The Update Cycle section shows how to accom- 
modate the update cycle in the processor program 

The three alarm bytes may be used in two ways. First, 
when the program inserts an alarm time in the appropriate 
hours, minutes, and seconds alarm locations, the alarm in- 
terrupt is initiated at the specified time each day if the alarm 
enable bit is high. The second usage is to insert a "don't 
care" state in one or more of three alarm bytes. The "don't 
care" code is any hexadecimal byte from CO to FF. That is, 
the two most-signif icant bits of each byte, when set to "1", 
create a "don't care" situation. An alarm interrupt each hour 
is created with a "don't care" code in the hours alarm loca- 
tion. Similarly, an alarm is generated every minute with 
"don't care" codes in the hours and minutes alarm bytes 
The "don't care" codes in all three alarm bytes create an in- 
terrupt every second. 




FIGURE 14 - ADDRESS MAP 
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TABLE 3 - TIME, CALENDAR, AND ALARM DATA MODES 



Address 




Decimal 


Range 


Example* 


Function 


Binary 
Data Mode 


BCD 
Data Mode 


Location 


Range 


Binary Data Mode 


BCD Data Mode 


0 


Seconds 


0-59 


$00-$3B 


$00-$59 


15 


21 


1 


Seconds Alarm 


0-59 


$00-$3B 


$00-$59 


15 


21 


2 


Minutes 


0-59 


$00-$3B 


$00-$59 


3A 


58 


3 


Minutes Alarm 


0-59 


$00-$3B 


$00-$59 


3A 


58 




Hours 
(12 Hour Mode) 


1-12 


$01-$0C (AM) and 

90 1 -POL, I r IVU 


$01-$12 (AM) and 
$81-$92 (PM) 


05 


05 


4 


Hours 
(24 Hour Mode) 


0-23 


$00-$ 17 




05 


05 




Hours Alarm 


1-12 


$01-$0C (AM) and 


$01-$12 (AM) and 


05 


05 


5 


(12 Hour Mode) 


$81-$8C IPM) 


$81 -$92 (PM) 




Hours Alarm 
(24 Hour Mode) 


0-23 


$00-$ 17 


$00-23 


05 


05 


6 


Day of the Week 
Sunday= 1 


1-7 


$01 -$07 


$01 -$07 


05 


05 


7 


Date of the Month 


1-31 


$01-$1F 


$01 -$31 


OF 


15 


8 


Month 


1-12 


$01-$0C 


$01-$12 


02 


02 


9 


Year 


0-99 


$00-$63 


$00-$99 


4F 


79 



•Example- 5 58 21 Thursday 15 February 1979 (time is AM) 



STATIC CMOS RAM 

The 50 general purpose RAM bytes are not dedicated 
within the MC146818A. They can be used by the processor 
program, and are fully available during the update cycle. 

When time and calendar information must use battery 
back-up, very frequently there is other non-volatile data that 
must be retained when main power is removed. The 50 user 
RAM bytes serve the need for low-power CMOS battery- 
backed storage, and extend the RAM available to the 
program. 

When further CMOS RAM is needed, additional 
MC146818As may be included in the system. The 
time/calendar functions may be disabled by holding the 
DV0-DV2 dividers, in Register A, in the reset state by setting 
the SET bit in Register B or by removing the oscillator. 
Holding the dividers in reset prevents interrupts or SOW out- 
put from operating while setting the SET bit allows these 
functions to occur. With the dividers clear, the available user 
RAM is extended to 59 bytes. The high-order bit of the 
seconds byte, bit 7 of Register A, and all bits of Registers C 
and D cannot effectively be used as general purpose RAM. 

INTERRUPTS 

The RTC plus RAM includes three separate fully automatic 
sources of interrupts to the processor. The alarm interrupt 
may be programmed to occur at rates from once-per-second 
to one-a-day. The periodic interrupt may be selected for 
rates from half-a-second to 30.517 ps. The update-ended in- 
terrupt may be used to indicate to the program that an up- 
date cycle is completed. Each of these independent interrupt 
conditions are described in greater detail in other sections. 

The processor program selects which interrupts, if any, it 
wishes to receive. Three bits in Register B enable the three 
interrupts. Writing a "1" to a interrupt-enable bit permits 
that interrupt to be initiated when the event occurs. A "0" in 
the interrupt-enable bit prohibits the IRQ pin from being 
asserted due to the interrupt cause. 



If an interrupt flag is already set when the interrupt 
becomes enabled, the IRQ pin is immediately activiated, 
though the interrupt initiating the event may have occurred 
much earlier. Thus, there are cases where the program 
should clear such earlier initiated interrupts before first 
enabling new interrupts 

When an interrupt event occurs, a flag bit is set to a "1" in 
Register C. Each of the three interrupt sources have separate 
flag bits in Register C, which are set independent of the state 
of the corresponding enable bits in Register B. The flag bit 
may be used with or without enabling the corresponding 
enable bits. 

In the software scanned case, the program does not 
enable the interrupt. The "interrupt" flag bit becomes a 
status bit, which the software interrogates, when it wishes 
When the software detects that the flag is set, it is an indica- 
tion to software that the "interrupf'event occurred since the 
bit was last read. 

However, there is one precaution. The flag bits in 
Register C are cleared (record of the interrupt event is eras- 
ed) when Register C is read Double latching is included with 
Register C so the bits which are set are stable throughout the 
read cycle. All bits which are high when read by the program 
are cleared, and new interrupts (on any bits) are held after 
the read cycle. One, two or three flag bits may be found to 
be set when Register C is used The program should inspect 
all utilized flag bits every time Register C is read to insure that 
no interrupts are lost. 

The second flag bit usage method is with fully enabled in- 
terrupts. When an interrupt-flag bit is set and the corre- 
sponding interrupt-enable bit is also set, the fRQ pin is 
asserted low. IRQ is asserted as long as at least one of the 
three interrupt sources has its flag and enables bits both set. 
The IRQF bit in Register C is a "1" whenever the IRQ pin is 
being driven low. 

The processor program can determine that the RTC in- 
itiated the interrupt by reading Register C. A "1" in bit 7 
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(IRQF bit) indicates that one or more interrupts have been in- 
itiated by the part. The act of reading Register C clears all the 
then-active flag bits, plus the IRQF bit. When the program 
finds IRQF set, it should look at each of the individual flag 
bits in the same byte which have the corresponding 
mterrupt-mask bits set and service each interrupt which is 
set. Again, more than one interrupt-flag bit may be set. 

DIVIDER STAGES 

The MC146818A has 22 binary-divider stages following the 
time base as shown in Figure 1. The output of the dividers is 
a 1 Hz signal to the update-cycle logic. The divers are 
controlled by three divider bus (DV2, DV1, and DVO) in 
Register A. 

DIVIDER CONTROL 

The divider-control bits have three uses, as shown in 
Table 4. Three usable operating time bases may be selected 
(4.194304 MHz, 1.048576 MHz, or 32 768 kHz). The divider 
chain may be held at reset, which allows precision setting of 
the time, When the divider is changed from reset to an 



operating time base, the first update cycle is one-half second 
later. The divider-control bits are also used to facilitate 
testing the MC146818A. 

SQUARE-WAVE OUTPUT SELECTION 

Fifteen of the 22 divider taps are made available to a 
1-of-15 selector as shown in Figure 1. The first purpose of 
selecting a divider tap is to generate a square-wave output 
signal at the SQW pin. The RS0-RS3 bits in Register A 
establish the square-wave frequency as listed in Table 5. The 
SQW frequency selection shares the 1-of-15 selector with 
periodic interrupts. 

Once the frequency is selected, the output of the SQW pin 
may be turned on and off under program control with the 
square-wave output selection bits, or the SQWE output- 
enable bit may generate an asymmetrical waveform at the 
time of execution. The square-wave output pin has a number 
of potential uses. For example, it can serve as a frequency 
standard for external use, a frequency synthesizer, or could 
be used to generate one or more audio tones under program 
control. 



rABLE 4 - DIVIDER CONFIGURATIONS 



Time-Base 
Frequency 


Divider Bits 
Register A 


Operation 
Mode 


Divider 
Reset 


Bypass First 
N-Divider Bits 


DV2 


DV1 


DVO 


4 194304 MHz 


0 


0 


0 


Yes 




N = 0 


1 048576 MHz 


0 


0 


1 


• Yes 




N = 2 


32 768 kHz 


0 


1 


0 


Yes 




N = 7 


Any 


1 


1 


0 


No 


Yes 




Any 


1 


1 


1 


No 


Yes 





Note Other combinations of divider bits are used for test purposes only 



TABLE 5 - PERIODIC INTERRUPT RATE AND SQUARE WAVE OUTPUT FREQUENCY 





Select Bits 
Register A 




4.194304 or 1.048576 MHz 
Time Base 


32.768 kHz 
Time Base 






Periodic 
Interrupt Rate 
tPI 


SQW Output 
Frequency 


Periodic 
Interrupt Rate 
tPI 


SQW Output 
Frequency 


RS3 


RS2 


RS1 


RSO 


0 


0 


0 


0 


None 


None 


None 


None 


0 


0 


0 


1 


30 517/.S 


32 768 kHz 


3 90625 ms 


256 Hz 


0 


0 


1 


0 


61 035 ms 


16 384 kHz 


7 8125 ms 


128 Hz 


0 


0 


1 


1 


122 070 ms 


8 192 kHz 


122 070 M s 


8 192 kHz 


0 


1 


0 


0 


244 141 MS 


4 096 kHz 


244 141 ms 


4 096 kHz 


0 


1 


0 


1 


488 281 us 


2 048 kHz 


488 281 ms 


2 048 kHz 


0 


1 


1 


0 


976 562 fis 


1 024 kHz 


976 562 ms 


1 024 kHz 


0 


1 


1 


1 


1 953125 ms 


512 Hz 


1 953125 ms 


512 Hz 




0 


0 


0 


3 90625 ms 


256 Hz 


3 90625 ms 


256 Hz 




0 


0 


1 


7 8125 ms 


128 Hz 


7 8125 ms 


128 Hz 




0 


1 


0 


15 625 ms 


64 Hz 


15 625 ms 


64 Hz 




0 


1 


1 


31 25 ms 


32 Hz 


31 25 ms 


32 Hz 




1 


0 


0 


62 5 ms 


16 Hz 


62 5 ms 


16 Hz 




1 


0 


1 


125 ms 


8 Hz 


125 ms 


8 Hz 




1 


1 


0 


250 ms 


4 Hz 


250 ms 


4 Hz 




1 


1 


1 


500 ms 


2 Hz 


500 ms 


2 Hz 
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PERIODIC INTERRUPT SELECTION 

The periodic interrupt allows the fRl5 pin to be triggered 
from once every 500 ms to once every 30.517 fts. The 
periodic interrupt is separate from the alarm interrupt which 
may be output from once per second to once per day. 

Table 5 shows that the periodic interrupt rate is selected 
with the same Register A bits which select the square-wave 
frequency. Changing one also changes the other. But each 
function may be separately enabled so that a program could 
switch between the two features or use both. The SQW pin 
is enabled by the SQWE bit in Register B. Similarty the 
periodic interrupt is enabled by the PIE bit in Register B. 

Periodic interrupt is usable by practically all real-time 
systems. It can be used to scan for all forms of inputs from 
contact closures to serial recieve bits or bytes. It can be used 
in multiplexing displays or with software counters to 
measure inputs, create output intervals, or await the next 
needed software function. 

UPDATE CYCLE 

The MC146818A executes an update cycle once per 
second, assuming one of the proper time bases is in place, 
the DV0-DV2 divider is not clear, and the SET bit in Register 
B is clear. The SET bit in the "1" state permits the program 
to initialize the time and calendar bytes by stopping an ex- 
isting update and preventing a new one from occurring. 

The primary function of the update cycle is to increment 
the seconds byte, check for overflow, increment the minutes 
byte when appropriate and so forth through to the year of 
the century byte. The update cycle also compares each 
alarm byte with the corresponding time byte and issues an 
alarm if a match or if a "don't care" code (11XXXXXX) is 
present in all three positions. 

With a 4.194304 MHz or 1.048576 MHz time base the up- 
date cycle takes 248 /is while a 32.768 kHz time base update 
cycle takes 1984 /is. During the update cycle, the time, calen- 
dar, and alarm bytes are not accessible by the processor pro- 
gram. The MC146818A protects the program from reading 
transitional data. This protection is provided by switching 
the time, calendar, and alarm portion of the RAM off the 
microprocessor bus during the entire update cycle. If the 
processor reads these RAM locations before the update is 



complete, the output will be undefined. The update in pro- 
gress (UIP) status bit is set during the interval. 

A program which randomly accesses the time and date in- 
formation finds data unavailable statistically once every 4032 
attempts. Three methods of accommodating nonavailability 
during update are usable by the program. In discussing the 
three methods, it is assumed that at random points user pro- 
grams are able to call a subroutine to obtain the time of day. 

The first method of avoiding the update cycle uses the 
update-ended interrupt. If enabled, an interrupt occurs after 
every update cycle which indicates that over 999 ms are 
available to read valid time and date information. During this 
time a display could be updated or the information could be 
transferred to continuously available RAM. Before leaving 
the interrupt service routine, the IRQF bit in Register C 
should be cleared. 

The second method uses the update-in-progress bit (UIP) 
in Register A to determine if the update cycle is in progress 
or not. The UIP bit will pulse once per second. Statistically, 
the UIP bit will indicate that time and date information is 
unavailable once every 2032 attempts. After the UIP bit goes 
high, the update cycle begins 244 /ts later. Therefore, if a low 
is read on the UIP bit, the user has at least 244 before the 
time/calendar data will be changed. If a "1" is read in the 
UIP bit, the time/calendar data may not be valid. The user 
should avoid interrupt service routines that would cause the 
time needed to read valid time/calendar data to exceed 
244 (is. 

The third method uses a periodic interrupt to determine if 
an update cycle is in progress. The UIP bit in Register A is set 
high between the setting of the PF bit in Register C (see 
Figure 15). Periodic interrupts that occur at a rate of greater 
than tBUC + tUC allow valid time and date information to be 
read at each occurrence of the periodic interrupt. The reads 
should be completed within (Tp|-i-2) + tBUC to ensure that 
data is not read during the update cycle. 

To properly setup the internal counters for daylight sav- 
ings time operation, the user must set the time at least two 
seconds before the rollover will occur. Likewise, the time 
must be set at least two seconds before the end of the 29th 
or 30th day of the month. 



FIGURE 15 - UPDATE-ENDED AND PERIODIC INTERRUPT RELATIONSHIP 



UIP bit in 



Register A 



UF bit in 
Register C 



PF bit in 
Register C 




tpi = Periodic Interrupt Time Interval (500 ms, 250 ms, 125 ms, 62 5 ms, etc per Table 5) 
*UC = Update Cycle Time (248 ps or 1984 ps) 
tBUC = Delay Time Before Update Cycle (244 ^s) 
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REGISTERS 

The MC146818A has four registers which are accessible to 
the processor program. The four registers are also fully ac- 
cessible during the update cycle. 



REGISTER A ($0A) 

MSB 



LSB 



b7 


b6 


b5 


b4 


b3 


b2 


b1 


bO 


UIP 


DV2 


DV1 


DVO 


RS3 


RS2 


RS1 


RSO 



Read/Write 
Register 
except UIP 



UIP - The update in progress (UIP) bit is a status flag that 
may be monitored by the program. When UIP is a "1", the 
update cycle is in progress or will soon begin. When UIP is a 
"0", the update cycle is not in progress and will not be for at 
least 244 (for all time bases) This is detailed in Table 6. 
The time, calendar, and alarm information in RAM is fully 
available to the program when the UIP bit is zero - it is not 
in transition. The UIP bit is a read-only bit, and is not af- 
fected by Reset. Writing the SET bit in Register B to a "1" 
inhibits any update cycle and then clears the UIP status bit. 
TABLE 6 - UPDATE CYCLE TIMES 



UIP Bit 


Time Base 
(OSC1) 


Update Cycle Time 

(tud 


Minimum Time 
Before Update 
Cycle (teucl 


1 


4 194304 MHz 


248 ^s 




1 


1 048576 MHz 


248 h s 




1 


32 768 kHz 


1984 us 




0 


4 194304 MHz 




244 ^s 


0 


1 048576 MHz 




244 fis 


0 


32 768 kHz 




244 ^s 



DV2, DV1, DVO — Three bits are used to permit the pro- 
gram to select various conditions of the 22-stage divider 
chain. The divider selection bits identify which of the three 
time-base frequencies is in use. Table 4 shows that time 
bases of 4.194304 MHz, 1.048576 MHz, and 32.768 kHz may 
be used. The divider selection bits are also used to reset the 
divider chain. When the time/calendar is first initialized, the 
program may start the divider at the precise time stored in 
the RAM. When the divider reset is removed, the first update 
cycle begins one-half se cond la ter. These three read/write 
bits are not affected by RESET. 

RS3, RS2, RS1, RSO - The four rate selection bits select 
one of 15 tapes on the 22-stage divider, or disable the divider 
output. The tap selected may be used to generate an output 
square wave (SQW pin) and/or a periodic interrupt. The pro- 
gram may do one of the following- 1) enable the interrupt 
with, the PIE bit, 2) enable the SQW output pin with the 
SQWE bit, 3) enable both at the same time at the same rate, 
or 4) enable neither. Table 5 lists the periodic interrupt rates 
and the square-wave frequencies that may be chosen with 
the RS bits. These f our bits are read/write bits which are not 
affected by RESET. 

REGISTER B ($0B) 

MSB 



b7 


b6 


b5 


b4 


b3 


b2 


b1 


bO 


SET 


PIE 


AIE 


UIE 


SQWE 


DM 


24/12 


DSE 



Read/Write 
Register 



SET - When the SET bit is a "0", the update cycle func- 
tions normally by advancing the counts once-per-second. 
When the SET bit is written to a "1", any update cycle in 



progress is aborted and the program may initialize the time 
and calendar bytes without an update occurring in the midst 
of i nitializi ng. SET is a read/write bit which is not modified 
by RESET or internal functions of the MC146818A. 

PIE — The periodic interrupt enable (PIE) bit is a 
read/write bit which allows the_penodic-interrupt flag (PF) 
bit in Register C to cause the IRQ pin to be driven low. A pro- 
gram writes a "1" to the PIE bit in order to receive periodic 
interrupts at the rate specified by the RS3, RS2, RS1, and 
RSO bits in Register A. A zero in PIE blocks IRQ from being 
initiated by a periodic interrupt, but the periodic flag (PF) bit 
is still set at the periodic rate. PIE is not modified by any in- 
ternal M C146818A functions, but is cleared to "0" by a 
RESET. 

AIE - The alarm interrupt enable (AIE) bit is a read/write 
bit which when set t o a " 1" permits the alarm flag (AF) bit in 
Register C to assert IRQ. An alarm interrupt occurs for each 
second that the three time bytes equal the three alarm bytes 
(including a "don't care" alarm code by binary 11XXXXX). 
When the A IE bit is a "0", the AF bit does not initiate an IRQ 
signal. The RESET pin clears AIE to "0". The internal func- 
tions do not affect the AIE bit. 

UIE — The UIE (update-ended interrupt enable) bit is a 
read/write bit which enables th e upda te-end flag (UF) bit in 
Register C to assert IRQ. The RESET pin going low or the 
SET bit going high clears the UIE bit. 

SQWE - When the square-wave enable (SQWE) bit is set 
to a "1" by the program, a square-wave signal at the fre- 
quency specified in the rate selection bits (RS3 to RSO) ap- 
pears on the SQW pin. When the SQWE bit is set to a zero 
the SQW p in is held low. The state of SQWE is cleared by 
the RESET pin. SQWE is a read/write bit. 

DM - The data mode (DM) bit indicates whether time 
and calendar updates are to use binary or BCD formats. The 
DM bit is written by the processor program and may be read 
by the pro gram, but is not modified by any internal functions 
or RESET. A "1" in DM signifies binary data, while a "0" in 
DM specifies binary-coded-decimal (BCD) data. 

24/12 - The 24/12 control bit establishes the format of 
the hours bytes as either the 24-hour mode (a "1") or the 
12-hour mode (a "0"). This is a read/write bit, which is af- 
fected only by software. 

DSE — The daylight savings enable (DSE) bit is a 
read/write bit which allows the program to enable two 
special updates (when DSE is a "1"). On the last Sunday in 
April the time increments from 1:59:59 AM to 3:00:00 AM. 
On the last Sunday in October when the time first reaches 
1:59:59 AM it changes to 1:00:00 AM. These special updates 
do not occur when the DSE bit is a "0". DSE is not changed 
by any internal operations or reset. 

REGISTER C <$0C) 

MSB LSB 




b7 


b6 


b5 


b4 


b3 


b 


bl 


bO 


IRQF 


PF 


AF 


UF 


0 


0 


0 


0 



Read-Only 
Register 



IRQF - The interrupt request flag (IRQF) is set to a "1" 
when one or more of the following are true: 

PF=PIE="1" 

AF=AIE="1" 

UF=UIE="1" 
i.e., IRQF=PF.PIE + AF.AIE+UF.UIE 
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Any time the IRQF bit is a "1", the IRQ pin is driven low. 
All flag bits are cle ared af ter Register C is read by the pro- 
gram or when the RESET pin is low. 

PF — The periodic interrupt flag (PF) is a read-only bit 
which is set to a "1" when a particular edge is detected on 
the selected tap of the divider chain. The RS3 to RSO bits 
establish the periodic rate. PF is set to a "1" independent of 
the state of the PIE bit. PF being a "1" initiates an IRQ signal 
and sets the IRQF b it when PIE is also a "1". The PF bit is 
cleared by a RESET or a software read of Register C. 

AF - A "1" in the AF (alarm interrupt flag) bit indicates 
that the current time has matched the alarm time. A "1" in 
the AF causes the IRQ pin to go low, and a "1" t o appe ar in 
the IRQF bit, when the AIE bit also is a "1." A RESET or a 
read of Register C clears AF. 

UF - The update-ended interrupt flag (UF) bit is set after 
each update cycle, when the UIE bit is a "V^the "1" in UF 
causes the IRQF bit to be a "1", a sserting IRQ. UF is cleared 
by a Register C read or a RESET. 

b3 TO bO - The unused bits of Status Register 1 are read 
as "O's". They can not be written. 

REGISTER D ($0D) 

MSB LSB 



b7 


b6 


b5 


b4 


b3 


b2 


b1 


bO 


VRT 


0 


0 


0 


0 


0 


0 


0 



Read Only 

Register 

VRT - The valid RAM and time (VRT) bit indicates the 
condition of the contents of the RAM, provided the power 
sense (PS) pin is satisfactorily connected. A "0" appears in 
the VRT bit when the power-sense pin is low. The processor 
program can set the VRT bit when the time and calendar are 
initialized to indicate that the RAM and time are vali d. The 
VRT is a read only bit which is not modified by the RESET 
pin. The VRT bit can only be set by reading Register D. 



b6 TO bO - The remaining bits of Register D are unused. 
They cannot be written, but are always read as "O's." 

TYPICAL INTERFACING 

The MC146818A is best suited for use with microproces- 
sors which generate an address-then-data multiplexed bus 
Figures 16 and 17 show typical interfaces to bus-compatible 
processors. These interfaces assume that the address 
decoding can be done quickly. However, if standard 
metalgate CMOS gates are used, the CS setup time may be 
violated Figure 18 illustrates an alternative method of chip 
selection which will accommodate such slower decoding 

The MC146818A can be interfaced to single-chip micro- 
computers (MCU) by using eleven port lines as shown in 
Figure 19. Non-multiplexed bus microprocessors can be in- 
terfaced with additional support 

There is one method of using the multiplexed bus 
MC146818A with non-multiplexed bus processors. The inter- 
face uses available bus control signals to multiplex the ad- 
dress and data bus together. 

An example using either the Motorola MC6800, MC6802, 
MC6808, or MC6809 microprocessor is shown in Figure 20. 
When the MC146818A is I/O mapped as shown in Figures 19 
and 20, the AS and DS inputs should be left in a low st ate 
when the part is not being accessed Refer to the STBY pin 
descri ption for the conditions which must be met before 
STBY can be recognized. 

Figure 21 illustrates the subroutines which may be used for 
data transfers in a non-multiplexed system. The subroutines 
should be entered with the registers containing the following 
data. 

Accumulator A: The address of the RTC to be accessed 
Accumulator B: Write: The data to be written 

Read: The data read from the RTC 

The RTC is mapped to two consecutive memory locations — 

RTC and RTC+ 1 as shown in Figure 20 



FIGURE 16 - MC146818A INTERFACED WITH 
MOTOROLA COMPATIBLE MULTIPLEXED BUS MICROPROCESSORS 
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FIGURE 17 - MC146818A INTERFACED WITH 
COMPETITOR COMPATIBLE MULTIPLEXED BUS MICROPROCESSORS 
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FIGURE 18 - MC146818A INTERFACE WITH MC146805E2 
CMOS MULTIPLEXED MICROPROCESSOR WITH SLOW ADDRESSING DECODING 
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This illustrates the use of CMOS gating for address decoding 
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FIGURE 19 - MC146818A INTERFACED WITH THE PORTS OF A 
TYPICAL SINGLE CHIP MICROCOMPUTER 
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FIGURE 20 - MC146818A INTERFACED WITH MOTOROLA PROCESSORS 
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FIGURE 21 - SUBROUTINE FOR READING AND WRITING 
THE MC146818A WITH A NON-MULTIPLEXED BUS 



READ STA RTC Generate AS and Latch Data from ACCA 

LDAB RTC+ 1 Generate DS and Get Data 
RTS 

WRITE STA RTC Generate AS and Latch Data from ACCA 

STAB RTC+ 1 Generate DS and Store Data 
RTS 



MECHANICAL DATA 



PIN ASSIGNMENTS 



C 1 O 



MOT 
OSC1 
OSC2 [ 

ADO [ 

AD1 [ 

AD2 

AD3 [ 

AD4 

AD5 

AD6 [ 

AD7 [ 

V S S C 12 



[2 

3 
4 
5 
[6 



[8 

Q9 

10 
11 



24 ] V DD 
23 ] SQW 
22 ]PS 
21 ]CKOUT 
20 ] CKFS 
19 ] IRQ 
18 ] RESET 
17 ]DS 
16 ] STbT 
15 ] R/W 
14 ] AS 
13 ]CS 



NOTE: Pin assignments are the same for both the dual-in-line and quad (PLCC) packages. 
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Peripheral Interface Adapter (PIA) 

The MC6821 Peripheral Interface Adapter provides the universal means of interfacing peripheral 
equipment to the M6800 Family of microprocessors. This device is capable of interfacing the MPU 
to peripherals through two 8-bit bidirectional peripheral data buses and four control lines. No exter- 
nal logic is required for interfacing to most peripheral devices. 

The functional configuration of the PIA is programmed by the MPU during system initialization. 
Each of the peripheral data lines can be programmed to act as an input or output, and each of the 
four control interrupt lines may be programmed for one of several control modes. This allows a 
high degree of flexibility in the overall operation of the interface. 

• 8-Bit Bidirectional Data Bus for Communication with the MPU 

• Two Bidirectional 8-Bit Buses for Interface to Peripherals 

• Two Programmable Control Registers 

• Two Programmable Data Direction Registers 

• Four Individually-Controlled Interrupt Input Lines; Two Usable as Peripheral Control Outputs 

• Handshake Control Logic for Input and Output Peripheral Operation 

• High-Impedance Three-State and Direct Transistor Drive Peripheral Lines 

• Program Controlled Interrupt and Interrupt Disable Capability 

• CMOS Drive Capability on Side A Peripheral Lines 

• Two TTL Drive Capability on All A and B Side Buffers 

• TTL-Compatible 

• Static Operation 



This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MAXIMUM RATINGS 



Characteristics 


Symbol 


Value 


Unit 


Supply Voltage 


vcc 


-0 3 to +7 0 


V 


Input Voltage 


Vm 


- 0 3 to +70 


V 


Operating Temperature Range 
MC6821, MC68A21, MC68B21 
MC6821C. MC68A21C 




T L to T H 
0 to 70 
-40 to +85 


°C 


Storage Temperature Range 


T stg 


-55 to + 150 


°c 


THERMAL CHARACTERISTICS 


Characteristic 


Symbol 


Value 


Unit 


Thermal Resistance 
Plastic 
Cerdip 


HJA 


100 
60 


°C/W 



This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields, however, it is ad- 
vised that normal precautions be taken to 
avoid applications of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit For proper operation it is 
recommended that V m and V ou , be con- 
strained to the range Vss^(V m or 

V 0 ut>sV CC 

Unused inputs must always be tied to an 
appropriate logic voltage level (e g , eithei 
V SS ° r V CC> 



POWER CONSIDERATIONS 



The average chip-junction temperature, Tj, in °C can be obtained from: 

Tj = T A + (P D .e JA ) d) 

where: 

T A = Ambient Temperature, °C 

8j A = Package Thermal Resistance, Junction-to-Ambient, °C/W 
P D =p INT +p PORT 

P INT = 'CC X ^CC- Watts — Chip Internal Power 

PpORj = Port Power Dissipation, Watts — User Determined 

For most applications PpgR7<P||\jy and can be neglected. PpORT ma y become significant if the device is configured 
to drive Darlington bases or sink LED loads. 
An approximate relationship between Pq and Tj (if PprjRT ' s neglected) is: 

P D = K-(Tj + 273°C) I2I 

Solving equations (1) and (2) for K gives: 

K = P D '(T A + 273°C) + ejA'PD 2 (31 
where K is a constant pertaining to the particular part. K can be determined from equation (3) by measuring Pq (at 
equilibrium) for a known T A . Using this value of K, the values of Pq and Tj can be obtained by solving equations 
(1) and (2) iteratively for any value of T A . 



DC ELECTRICAL CHARACTERISTICS (V C c = 5 0 Vdc ±5%, Vss = 0, T A = T L to T H unless otherwise noted) 



Characteristic 


Symbol 


Mm 


Typ 


Max 


Unit 


BUS CONTROL INPUTS (R/W, Enable, RESET, RSO, RS1, CS0, CS1, CS2) 


Input High Voltage 


V| H 


Vss+20 




vcc 


V 


Input Low Voltage 


V|L 


Vss-03 




VsS+08 


V 


Input Leakage Current (V in = 0 to 5 25 V) 


lin 




1 0 


2 5 


^A 


Capacitance (V m = 0, Ta = 25°C f = 1 0 MHz) 


Cm 






7 5 


pF 


INTERRUPT OUTPUTS (IRQA, IRQB) 


Output Low Voltage ( I Load = 3 2 mAI 


vol 






Vss+04 


V 


Hi-Z Output Leakage Current 


'oz 




1 0 


10 


„A 


Capacitance (V in = 0, Ta = 25°C, f=1 0 MHz) 


c out 






50 


PF 


DATA BUS (D0-D7) 


Input High Voltage 


V|H 


Vss+20 




vcc 


V 


Input Low Voltage 


V|L 


Vss-03 




Vss+08 


V 


Hi-Z Input Leakage Current (V m = 0 4 to 2 4 V) 


iiz 




2 0 


10 


„A 


Output High Voltage (l|_oad= -205 


VOH 


Vss+24 






V 


Output Low Voltage (l|_oad= 1 6 mA) 


vol 






Vss+04 


V 


Capacitance (V ln = 0, Ta = 25°C, f=1 0 MHz) 


Cm 






12 5 


PF 
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DC ELECTRICAL CHARACTERISTICS (Continued) 



Characteristic 


Symbol | Min 


Typ 


Max 


Unit 


PERIPHERAL BUS (PA0-PA7, PB0-PB7, CA1, CA2, CB1, CB2) 


Input Leakage Current R/W, RESET. RSO, RS1, CSO, CS1, CS2, CA1 , 
(V, n = 0 to 5.25 V) CB1, Enable 


lin 


_ 


1 0 


25 


^A 


Hi-Z Input Leakage Current (V m = 0 4 to 2 4 V) PB0-PB7, CB2 


l|Z 




20 


10 


M A 


Input High Current (V|H = 2.4 V) PA0-PA7, CA2 


l|H 


-200 


-400 






Darlington Drive Current (Vo = 1 5 V) PB0-PB7, CB2 


'OH 


-1 0 




-10 


mA 


lnputLowCurrent(V| L = 0.4V) PA0-PA7, CA2 


IlL 




-1.3 


-24 


mA 


Output High Voltage 

(l Load = -200 M A) PA0-PA7, PB0-PB7, CA2, CB2 
dLoad= -10>AI PA0-PA7, CA2 


VOH 


Vss+24 

vcc-1 o 






V 


Output Low Voltage (li_oad = 3 2 mAI 


vol 






Vss + 04 


V 


Capacitance (V, n = 0, Ta=25°C, f = 1 0 MHz) 


Cm 






10 


pF 


POWER REQUIREMENTS 


Internal Power Dissipation (Measured at Tl = 0°C) 


Pint 






550 


mW 



BUS TIMING CHARACTERISTICS (See Notes 1 and 2) 



Idem. 
Number 


Characteristic 


Symbol 


MC6821 


MC68A21 


MC68B21 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


1 


Cycle Time 


'eye 


1 0 


10 


0 67 


10 


05 


10 


/*s 


2 


Pulse Width, E Low 


PWel 


430 




280 




210 




ns 


3 


Pulse Width, E High 


PW EH 


450 




280 




220 




ns 


4 


Clock Rise and Fall Time 


'r. tf 




25 




25 




20 


ns 


9 


Address Hold Time 


'AH 


10 




10 




10 




ns 


13 


Address Setup Time Before E 


'AS 


80 




60 




40 




ns 


14 


Chip Select Setup Time Before E 


ICS 


80 




60 




40 




ns 


15 


Chip Select Hold Time 


'CH 


10 




10 




10 




ns 


18 


Read Data Hold Time 


l DHR 


20 


50" 


20 


50* 


20 


50* 


ns 


21 


Write Data Hold Time 


*DHW 


10 




10 




10 




ns 


30 


Output Data Delay Time 


l DDR 




290 




180 




150 


ns 


31 


Input Data Setup Time 


l DSW 


165 




80 




60 




ns 



"The data bus output buffers are no longer sourcing or sinking current by tDHR max (High Impedance) 

FIGURE 1 - BUS TIMING 

O- 



R/W. Address ' 
(Non-Muxed) 



cs 



Read Data 
Non-Muxed 



Write Data 
Non-Muxed 



-©- 



<3>* 



^ A In 
> * X 



(18 



30) 



MPU Read Data Non-Muxed 



MPU Write Data Non-Muxed 



Notes 

1 Voltage levels shown are V[_s0 4 V, Vn^2 4 V, unless otherwise specified 

2 Measurement points shown are 0 8 V and 2 0 V, unless otherwise specified 



0 

© 

m 



> 



3 >- 
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PERIPHERAL TIMING CHARACTERISTICS (Vcc = 5.0 V +5%, Vss^O V. T A = T L to T H , unless otherwise specified) 



Characteristic 


Symbol 


MC6821 


MC68A21 


MC68B21 




Reference 
Fig No 


Min 


Max 


Min 


Max 


Min 


Max 


Data Setup Time 


'PDS 


200 


- 


135 


- 


100 


- 


ns 


6 


Data Hold Time 


'PDH 


0 


- 


0 


- 


0 


- 


ns 


6 


Delay Time, Enable Negative Transition to CA2 Negative Transition 


<CA2 


- 


1 0 


- 


0 670 


- 


0 500 


us 


3, 7, 8 


Delay Time, Enable Negative Transition t CA2 Positive Transition 


'RSI 


- 


1 0 


- 


0 670 


- 


0 500 


US 


3, 7 


Rise and Fall Times for CA1 and CA2 Input Signals 


t r ,t, 


- 


1 0 


- 


1 0 


- 


1 0 


US 


8 


Delay Time from CA1 Active Transition to CA2 Positive Transition 


«RS2 


- 


20 


- 


1 35 


- 


1 0 


US 


3, 8 


Delay Time, Enable Negative Transition to Data Valid 


tPDW 


- 


1 0 


- 


0 670 


- 


0 5 


US 


3, 9, 10 


Delay Time, Enable Negative Transition to CMOS Data Valid PA0-PA7, CA2 


tCMOS 


- 


2 0 


- 


1 35 


- 


1 0 


us 


4, 9 


Delay Time, Enable Positive Transition to CB2 Negative Transition 


'CB2 


- 


1 0 


- 


0 670 


- 


0 5 


us 


3, 11, 12 


Delay Time, Data Valid to CB2 Negative Transition 


«DD 


20 




20 




20 




ns 


3, 10 


Delay Time, Enable Positive Transition to CB2 Positive Transition 


'RS1 




1 0 




0 670 




0 5 


JiS 


3, 11 


Control Output Pulse Width, CA2/CB2 


PW CT 


500 




375 




250 




ns 


3, 7, 11 


Rise and Fall Time for CB1 and CB2 Input Signals 


tr-tf 




1 0 




1 0 




1.0 


I M s 


12 


Delay Time, CB1 Active Transition to CB2 Positive Transition 


'RS2 




20 




1 35 




1 0 


pis 


3, 12 


Interrupt Release Time, IRQA and IRQB 


t|R 




1 60 




1.10 




0 85 


^s 


5, 14 


Interrupt Response Time 


tRS3 




1 0 




1 0 




1 0 


us 


5, 13 


Interrupt Input Pulse Time 


PW| 


500 




500 




500 




ns 


13 


RESET Low Time* 


tRL 


1.0 




0 66 




05 




us 


15 



FIGURE 2 - BUS TIMING TEST LOADS 

(D0-D7) „ 50V 

:R|_ = 2.4 kt) 

Test Point o — f — ? « 



130 pF^ 



11.7 kQ 



MMD6150 
or Equiv. 



MMD7000 
or Equiv. 



FIGURE 3 — TTL EQUIVALENT 
TEST LOAD 

(PA0-PA7, PB0-PB7, CA2, CB2) 

5.0 V 



'R L =1 25 kQ 



Test Point o 




-- MMD7000 
or Equiv. 



C = 30 pF, R = 12 k 



FIGURE 4 - CMOS EQUIVALENT 
TEST LOAD 



(PA0-PA7. CA2) 

Test Point O— — 



■±: 30 pF 



FIGURE 5 - NMOS EQUIVALENT 
TEST LOAD 



(IRQ Only) 

5.0 V 



1 5kQ 



Test Point o- 
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FIGURE 6 - PERIPHERAL DATA SETUP AND HOLD TIMES 
(Read Mode) 



FIGURE 7 — CA2 DELAY TIME 
(Read Mode; CRA-5=CRA3= 1, CRA-4=0) 



PAO-PA7 
PB0-PB7 



X 



tPDS h— 



-tpDH 



*CA2 



^- — p«ct — - Jr~ 



*RS1 ' 



•Assumes part was deselected during 
the previous E pulse. 



FIGURE 8 — CA2 DELAY TIME 
(Read Mode; CRA-5=1, CRA-3=CRA-4=0) 



FIGURE 9 - PERIPHERAL CMOS DATA DELAY TIMES 
(Write Mode; CRA-5=CRA-3=1, CRA-4=0) 






= // 


f— t r .tf 










— 'CA2-H l RS2- 





'CMOS— 

tPDW 



PA0-PA7, 
CA2 



X 



-V CC -30% V CC 



FIGURE 10 - PERIPHERAL DATA AND CB2 DELAY TIMES 
(Write Mode; CRB-5=CRB-3= 1, CRB-4=0) 



FIGURE 11 — CB2 DELAY TIME 
(Write Mode; CRB-5= CRB-3= 1, CRB-4 = 0) 




«■ h* 'CD2 



■PW CT - 



CB2* 



CB2 goes low as a result of the 
positive transition of Enable 



•Assumes part was deselected during 
the previous E pulse.- 



FIGURE 12 - CB2 DELAY TIME 
(Write Mode; CRB-5=1, CRB-3=CRB-4=0) 



FIGURE 13 - INTERRUPT PULSE WIDTH AND IRQ RESPONSE 

h PW i H 



CA1, 2 
CB1, 2 



X 



— t CB2— 



*RS2'— 



X L JX 

I 



\- r 



<RS3*- 



* Assumes Interrupt Enable Bits are set. 



'Assumes part was deselected during 
any previous E pulse. 



Note: Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise noted. 
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FIGURE 14 - IRQ RELEASE TIME 



Enable 



J 



FIGURE 15 - RESET LOW TIME 

tRL 



RESET 



IRQ 



\ 



/ 



"The RESET line must be a V|h for a minimum of 
1.0 lis before addressing the PIA 



Note: Timing measurements are referenced to and from a low voltage of 0 8 volts and a high voltage of 2 0 volts, unless otherwise noted. 



FIGURE 16 - EXPANDED BLOCK DIAGRAM 
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PIA INTERFACE SIGNALS FOR MPU 




The PIA interfaces to the M6800 bus with an 8-bit bidirec- 
tional data bus, three chip select lines, two register select 
lines, two interrupt request lines, a read/write line, an enable 
line and a reset line. To ensure proper operation with the 
MC6800, MC6802, or MC6808 microprocessors, VMA 
should be used as an active part of the address decoding 



Bidirectional Data (D0-D7) - The bidirectional data lines 
(D0-D7) allow the transfer of data between the MPU and the 
PIA The data bus output drivers are three-state devices that 
remain in the high-impedance (off) state except when the 
MPU performs a PIA read operation The read/write line is in 
the read (high) state when the PIA is selected for a read 
operation. 

Enable (E) — The enable pulse, E, is the only timing 
signal that is supplied to the PIA. Timing of all other signals 
is referenced to the leading and trailing edges of the E pulse. 

Read/Write (R/W) - This signal is generated by the 
MPU to control the direction of data transfers on the data 
bus. A low state on the PIA read/write line enables the input 
buffers and data is transferred from the MPU to the PIA on 
the E signal if the device has been selected. A high on the 
read/write line sets up the PIA for a transfer of data to the 
bus The PIA output buffers are enabled when the proper ad- 
dress and the enable pulse E are present. 



RESET - The active low RESET line is used to reset all 
register bits in the PIA to a logical zero (low). This line can be 
used as a power-on reset and as a master reset during 
system operation. 

Chip Selects (CSO, CS1, and CS2) - These three input 
signals ar e us ed to select the PIA. CSO and CS1 must be 
high and CS2 must be low for selection of the device. Data 
transfers are then performed under the control of the enable 
and read/write signals. The chip select lines must be stable 



for the duration of the E pulse. The device is deselected 
when any of the chip selects are in the inactive state. 

Register Selects (RSO and RS1) - The two register 
select lines are used to select the various registers inside the 
PIA. These two lines are used in conjunction with internal 
Control Registers to select a particular register that is to be 
written or read. 

The register and chip select lines should be stable for the 
duration of the E pulse while in the read or write cycle. 



Interrupt Request (I RQA a nd I RQB) - The active low In- 
terrupt Request lines (IRQA and IRQB) act to interrupt the 
MPU either directly or through interrupt priority circuitry. 
These lines are "open drain" (no load device on the chip). 
This permits all interrupt request lines to be tied together in a 
wire-OR configuration. 

Each Interrupt Request line has two internal interrupt flag 
bits that can cause the Interrupt Request line to go low. Each 
flag bit is associated with a particular peripheral interrupt 
line. Also, four interrupt enable bits are provided in the PIA 
which may be used to inhibit a particular interrupt from a 
peripheral device. 

Servicing an interrupt by the MPU may be accomplished 
by a software routine that, on a prioritized basis, sequentially 
reads and tests the two control registers in each PIA for in- 
terrupt flag bits that are set. 

The interrupt flags are cleared (zeroed) as a result of an 
MPU Read Peripheral Data Operation of the corresponding 
data register. After being cleared, the interrupt flag bit can- 
not be enabled to be set until the PIA is deselected during an 
E pulse. The E pulse is used to condition the interrupt control 
lines (CA1, CA2, CB1, CB2). When these lines are used as 
interrupt inputs, at least one E pulse must occur from the in- 
active edge to the active edge of the interrupt input signal to 
condition the edge sense network. If the interrupt flag has 
been enabled and the edge sense circuit has been properly 
conditioned, the interrupt flag will be set on the next active 
transition of the interrupt input pin. 



PIA PERIPHERAL INTERFACE LINES 



The PIA provides two 8-bit bidirectional data buses and 
four interrupt/control lines for interfacing to peripheral 
devices. 

Section A Peripheral Data (PA0-PA7) - Each of the 
peripheral data lines can be programmed to act as an input or 
output. This is accomplished by setting a "1" in the cor- 
responding Data Direction Register bit for those lines which 
are to be outputs A "0" in a bit of the Data Direction 
Register causes the corresponding peripheral data line to act 
as an input. During an MPU Read Peripheral Data Operation, 
the data on peripheral lines programmed to act as inputs ap- 
pears directly on the corresponding MPU Data Bus lines. In 
the input mode, the internal pullup resistor on these lines 
represents a maximum of 1.5 standard TTL loads. 

The data in Output Register A will appear on the data lines 
that are programmed to be outputs. A logical "1" written in- 
to the register will cause a "high" on the corresponding data 



line while a "0" results in a "low." Data in Output Register A 
may be read by an MPU "Read Peripheral Data A" operation 
when the corresponding lines are programmed as outputs. 
This data will be read properly if the voltage on the 
peripheral data lines is greater than 2.0 volts for a logic "1" 
output and less than 0.8 volt for a logic "0" output. Loading 
the output lines such that the voltage on these lines does not 
reach full voltage causes the data transferred into the MPU 
on a Read operation to differ from that contained in the 
respective bit of Output Register A. 



Section B Peripheral Data (PB0-PB7) - The peripheral 
data lines in the B Section of the PIA can be programmed to 
act as either inputs or outputs in a similar manner to PA0- 
PA7. They have three-state capabiity, allowing them to enter 
a high-impedance state when the peripheral data line is used 
as an input. In addition, data on the peripheral data lines 
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PB0-PB7 will be read properly from those lines programmed 
as outputs even if the voltages are below 2.0 volts for a 
"high" or above 0.8 V for a "low". As outputs, these lines 
are compatible with standard TTL and may also be used as a 
source of at least 1 milliampere at 1 5 volts to directly drive 
the base of a transistor switch 

Interrupt Input (CA1 and CB1) — Peripheral input lines 
CA1 and CB1 are input only lines that set the interrupt flags 
of the control registers. The active transition for these 
signals is also programmed by the two control registers. 

Peripheral Control (CA2) - The peripheral control line 
CA2 can be programmed to act as an interrupt input or as a 



peripheral control output. As an output, this line is compati- 
ble with standard TTL, as an input the internal pullup resistor 
on this line represents 1.5 standard TTL loads. The function 
of this signal line is programmed with Control Register A 

Peripheral Control (CB2) - Peripheral Control line CB2 
may also be programmed to act as an interrupt input or 
peripheral control output. As an input, this line has high in- 
put impedance and is compatible with standard TTL. As an 
output it is compatible with standard TTL and may also be 
used as a source of up to 1 milliampere at 1 5 volts to directly 
drive the base of a transistor switch. This line is programmed 
by Control Register B. 



INTERNAL CONTROLS 



INITI ALIZAT ION 

A RESET has the effect of zeroing all PI A registers. This 
will set PA0-PA7, PB0-PB7, CA2 and CB2 as inputs, and all 
interrupts disabled. The PIA must be configured during the 
restart program which follows the reset. 

There are six locations within the PIA accessible to the 
MPU data bus: two Peripheral Registers, two Data Direction 
Registers, and two Control Registers. Selection of these 
locations is controlled by the RSO and RS1 inputs together 
with bit 2 in the Control Register, as shown in Table 1 . 

Details of possible configurations of the Data Direction 
and Control Register are as follows: 



TABLE 1 - INTERNAL ADDRESSING 



RS1 


RSO 


Control 
Register Bit 


Location Selected 


CRA-2 


CRB-2 


0 


0 


1 


X 


Peripheral Register A 


0 


0 


0 


X 


Data Direction Register A 


0 


1 


X 


X 


Control Register A 


1 


0 


X 


1 


Peripheral Register B 


1 


0 


X 


0 


Data Direction Register B 


1 


1 


X 


X 


Control Register B 



X = Don't Care 



PORT A-B HARDWARE CHARACTERISTICS 

As shown in Figure 17, the MC6821 has a pair of I/O ports 
whose characteristics differ greatly. The A side is designed 
to drive CMOS logic to normal 30% to 70% levels, and incor- 
porates an internal pullup device that remains connected 
even in the input mode. Because of this, the A side requires 
more drive current in the input mode than Port B. In con- 
trast, the B side uses a normal three-state NMOS buffer 
which cannot pullup to CMOS levels without external 
resistors. The B side can drive extra loads such as Darl- 
ingtons without problem. When the PIA comes out of reset, 
the A port represents inputs with pullup resistors, whereas 
the B side (input mode also) will float high or low, depending 
upon the load connected to it. 



Notice the differences between a Port A and Port B read 
operation when in the output mode. When reading Port A, 
the actual pin is read, whereas the B side read comes from an 
output latch, ahead of the actual pin. 

CONTROL REGISTERS (CRA and CRB) 

The two Control Registers (CRA and CRB) allow the MPU 
to control the operation of the four peripheral control lines 
CA1, CA2, CB1, and CB2. In addition they allow the MPU to 
enable the interrupt lines and monitor the status of the inter- 
rupt flags. Bits 0 through 5 of the two registers may be writ- 
ten or read by the MPU when the proper chip select and 
register select signals are applied. Bits 6 and 7 of the two 
registers are read only and are modified by external interrupts 
occurring on control lines CA1, CA2, CB1, or CB2. The for- 
mat of the control words is shown in Figure 18 

DATA DIRECTION ACCESS CONTROL BIT (CRA-2 and 
CRB-2) 

Bit 2, in each Control Register (CRA and CRB), deter- 
mines selection of either a Peripheral Output Register or the 
corresponding Data Direction E Register when the proper 
register select signals are applied to RSO and RS1. A "1" in 
bit 2 allows access of the Peripheral Interface Register, while 
a "0" causes the Data Direction Register to be addressed. 

Interrupt Flags (CRA-6, CRA-7, CRB-6, and CRB-7) - 

The four interrupt flag bits are set by active transitions of 
signals on the four Interrupt and Peripheral Control lines 
when those lines are programmed to be inputs These bits 
cannot be set directly from the MPU Data Bus and are reset 
indirectly by a Read Peripheral Data Operation on the ap- 
propriate section. 

Control of CA2 and CB2 Peripheral Control Lines (CRA-3, 
CRA-4, CRA-5, CRB-3, CRB-4, and CRB-5) - Bits 3, 4, and 
5 of the two control registers are used to control the CA2 and 
CB2 Peripheral Control lines. These bits determine if the con- 
trol lines will be an interrupt input or an output control 
signal. If bit CRA-5 (CRB-5) is low, CA2 (CB2) is an interrupt 
input line similar to CA1 (CB1) When CRA-5 (CRB-5) is 
high, CA2 (CB2) becomes an output signal that may be used 
to control peripheral data transfers. When in the output 
mode, CA2 and CB2 have slightly different loading 
characteristics. 
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Control of CA1 and CB1 Interrupt Input Lines (CRA-0, 
CRB-0, CRA-1, and CRB-1) - The two lowest-order bits of 
the control registers are used to control the interrupt input 
lines CA1 and CB1. Bits CRA-0 and CRB-0 are used to 



enable the MPU interrupt signals IRQA and IRQB, respec- 
tively. Bits CRA-1 and CRB-1 determine the active transition 
of the interrupt input signals CA1 and CB1. 



Port A 



VCC 



FIGURE 17 - PORT A AND PORT B EQUIVALENT CIRCUITS 

Port B 



v C c 



DATS 
Data 
Direction 
(1— Output Pin) 
(O-Hnput Pin) 



inn N 




Internal PIA Bus 



Data Direction 
(0— Input Pin) 
(1— Output Pin) 

Read of B 
Data When 
in Output 
Mode 



Read of B 
~ Data when 
in Input Mode 



ORDERING INFORMATION 



Motorola Integrated Circuit 

M6800 Family 

Blanks=1 0 MHz 
A=1 5 MHz 
B = 20MHz 

Device Designation 

In M6800 Family 

Temperatu'e Range 

Blank = 0°— + 70°C 
C= -40°— +85°C 

Package 

P= Plastic 
S = Cerdip 
L= Ceramic 



MC68A21CP 
J" 



J 



BETTER PROGRAM 

Better program processing is available on all types listed Add 
suffix letters to part number 

Level 1 add "S" Level 2 add "D" Level 3 add "DS" 

Level 1 "S" = 10 Temp Cycles - 1 - 25 to 150°C). 

Hi Temp testing at T/\ max 
Level 2 "D" = 168 Hour Burn-in at 125°C 
Level 3 "DS" = Combination of Level 1 and 2 
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Determine Active CA1 (CB1) Transition for Setting 
Interrupt Flag IRQA(B)1 - (bit 7) 

b1 =0. IRQAIBM set by high-to-low transition on CA1 
(CB1) 

b1 = 1 IRQA(B)1 set by low-to-high transition on CA1 
(CB1) 

1 ' 

IRQA(B) 1 Interrupt Flag (bit 7) 

Goes high on active transition of CA1 (CB1), Automa- 
tically cleared by MPU Read of Output Register A(B) 
May also be cleared by hardware Reset 



FIGURE 18 - CONTROL WORD FORMAT 



CA1 (CB1) Interrupt Request Enable/ Disable 

b0 = 0 Disables IRQA(B) MPU Interrupt by CA1 

(CB1) active transition 1 
b0= 1 Enable IRQA(B) MPU Interrupt by CA1 (CB1> 

active transition 
1 IRQA(B) will occur on next (MPU generated) positive 
transition of bO if CA1 ICB1) active transition oc- 
curred while interrupt was disabled 





b7 


b6 


b5 ! b4 [ b3 


b2 


b1 i bO 


Control Register 


IRQAIBH 


IRQA(B)2 


CA2 (CB2) 


DDR 


CA1 ICB1) 




Flag 


Flag 


Control 


Access 


Control 



IRQA(B)2 Interrupt Flag (bit 6) 

When CA2 (CB2) is an input, IRQA(B) goes high on ac- 
tive transition CA2 (CB2), Automatically cleared by 
MPU Read of Output Register A(B) May also be 
cleared by hardware Reset 

CA2 (CB2) Established as Output (b5=1) IRQA(B) 
2 = 0, not affected by CA2 (CB2) transitions 



CA2 (CB2) Established as Output by b5= 1 

(Note that operation of CA2 and CB2 output 

b5 b4 b3 



1 0 



b5 b4 b3 



1 1 



functions are not identical) 
►CA2 

b3 = 0 Read Strobe with CA1 Restore 

CA2 goes low on first high-to-low 
E transition following an MPU read 
of Output Register A, returned high 
by next active CA1 transition, as 
specified by bit 1 
b3= 1 Read Strobe with E Restore 

CA2 goes low on first high-to-low 
E transition following an MPU read 
of Output Register A, returned high 
by next high-to-low E transition dur- 
ing a deselect 

• CB2 

b3 = 0 Write Strobe with CB1 Restore 

CB2 goes low on first low-to-high 
E transition following an MPU write 
into Output Register B, returned 
high by the next active CB1 transi- 
tion as specified by bit 1 CRB-b7 
must first be cleared by a read of 
data 

b3 = 1 Write Strobe with E Restore 

CB2 goes low on first low-to-high 
E transition following an MPU write 
into Output Register B, returned 
high by the next low-to-high E tran- 
sition following an E pulse which 
occurred while the part was de- 
selected 
- Set/ Reset CA2 (CB2) 

CA2 (CB2) goes low as MPU writes 

b3 = 0 into Control Register 

CA2 (CB2) goes high as MPU writes, 

b3= 1 into Control Register 



Determines Whether Data Direction Register Or Output 
Register is Addressed 

b2 = 0 Data Direction Register selected 
b2=1 Output Register selected 




CA2 (CB2) Established as Input by b5 = 0 



b5 b4 b3 
0 



CA2 (CB2) Interrupt Request Enable/ Disable 

b3 = 0 Disables IRQA(B) MPU Interrupt by 

CA2 ICB2) active transition * 
b3=1 Enables IRQA(B) MPU Interrupt by 

CA2 (CB2) active transition 
'lRQA(B) will occur on next (MPU generat- 
ted) positive transition of b3 if CA2 (CB2) 
active transition occurred while interrupt 
was disabled 
♦■Determines Active CA2 (CB2) Transition for 
Setting Interrupt Flag IRQA(B)2 - (Bit b6) 
b4 = 0 IRQAIBI2 set by high-to-low transi- 
tion on CA2 (CB2) 
b4= 1 IRQAIB12 set by low-to-high transi- 
tion on CA2 (CB2) 
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ORDERING INFORMATION 



Package Type 


Frequency (MHz) 


Temperature 


Order Number 


Cerdip 


1.0 


0°C to 70°C 


MC6821S 


S Suffix 


1.0 


-40°C to 85X 


MC6821CS 




1.5 


0°C to 70°C 


MC68A21S 




1.5 


-40°C to 85°C 


MC68A21CS 




2.0 


0°C to 70°C 


MC68B21S 


Plastic 


1.0 


0°C to 70°C 


MC6821P 


P Suffix 


1 0 


-40°C to 85°C 


MC6821CP 




1.5 


0°C to 70°C 


MC68A21P 




1.5 


-40T to 85°C 


MC68A21CP 




2.0 


0°C to 70°C 


MC68B21P 



PIN ASSIGNMENT 



vssl 




40 


]CA1 


PA0[ 


2 


39 


]CA2 


PA1[ 


3 


38 


]iRQA 


PA2[ 


4 


37 


]IRQB 


PA3[ 


5 


36 


]RS0 


PA4[ 


6 


35 


]RS1 


PA5[ 


7 


34 


] RESET 


PA6[ 


8 


33 


]D0 


PA7[ 


9 


32 


]D1 


PB0[ 


10 


31 


]D2 


PB1[ 


11 


30 


]D3 


PB2[ 


12 


29 


]D4 


PB3[ 


13 


28 


]D5 


PB4[ 


14 


27 


]D6 


PB5[ 


15 


26 


]D7 


PB6[ 


16 


25 


JE 


PB7[ 


17 


24 


]CS1 


CB1[ 


18 


23 


]CS2 


CB2[ 


19 


22 


]CS0 


vcd 


20 


21 


]R/W 
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Advance Information 
CMOS Parallel Interface 

The MC146823 CMOS parallel interface (CPI) provides a universal means of interfacing external 
signals with the MC146805E2 CMOS microprocessor and other multiplexed bus microprocessors. 
The unique MOTEL circuit on-chip allows direct interfacing to most industry CMOS microproces- 
sors, as well as many NMOS MPUs. 

The MC146823 CPI includes three bidirectional 8-bit ports or 24 I 0 pins. Each I 0 line may be 
separately established as an input or an output under program control via data direction registers 
associated with each port. Using the bit change and test instructions of the MC146805E2, each indi- 
vidual I 0 pin can be separately accessed. All port registers are read write bytes to accommodate 
read-modify-write instructions. Features include. 

• 24 Individually Programmed I 0 Pins 

• MOTEL Circuit for Bus Compatibility with Many Microprocessors 

• Multiplexed Bus Compatibility with- MC146805E2, MC6801, MC6803, and Competitive 
Microprocessors 

o Data Direction Registers for Ports A, B, and C 

• Four Port C I 0 Pins May Be Used as Control Lines for 

Four Interrupt Inputs 
Input Byte Latch 
Output Pulse 
Handshake Activity 

• 15 Registers Addressed as Memory Locations 

• Handshake Control Logic for Input and Output Peripheral Operation 

• Interrupt Output Pin 

• Reset Input to Clear Interrupts and Initialize Internal Registers 

• 3.0 Volt to 5.5 Volt Operating Vqd 



This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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BLOCK DIAGRAM 





Pin 
Function 
Select 



•N 
V 



Port 
A 

I/O 



,'5 



♦ a a 

' '2 ' "2 "t"2 -4^2 2 



.-5 



5> 



Port 



I/O 



PAO 

• PA1 
PA2 
PA3 

• PA4 
■ PA5 

• PA6 

• PA7 



PBO 
PB1 
PB2 
PB3 
PB4 
PB5 
PB6 
PB7 



Handshake 




Handshake 


f 


5 




A 


Logic 




Logic 



K Port 

/ C 

— y i/o 



2 -'2 



Multiplexer 



PCO 
PCI 
PC2 
PC3 

PC4/CA1 
PC5/CA2 
■ PC6/CB1 
• PC7/CB2 
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MAXIMUM RATINGS (Voltages reference to Vss> 



Ratings 


Symbol 


Value 


Unit 


Supply Voltage 


VDD 


-0.3 to +8 0 


V 


All Input Voltages 


V,n 


Vss-0 5to Vqd + 0 5 


V 


Current Drain per Pin Excluding 
Vqp and Vss 


I 


10 


mA 


Operating Temperature Range 


TA 


0 to + 70 


°C 


Storage Temperature Range 


T stg 


-55 to + 150 


°c 



THERMAL CHARACTERISTICS 



Characteristic 


Symbol 


Value 


Unit 


Thermal Resistance 


ejA 




°c/w 


Plastic 


100 




PLCC 




100 





This device contains circuitry to protect the in- 
puts against damage due to high static voltages 
or electric fields, however, it is advised that nor- 
mal precautions be taken to avoid application of 
any voltage higher than maximum rated voltages 
to this high-impedance circuit For proper opera- 
tion it is recommended that V in and V ou t be con- 
strained to the range Vss a ( v in or v out> £ V DD 
Leakage currents are reduced and reliability of 
operation is enhanced if unused inputs are tied to 
an appropriate logic voltage level (e g , either 
Vss or V DD>- 



DC ELECTRICAL CHARACTERISTICS (V DD = 5Vdc ±10%, V S s = 0Vdc, T A = 0°C to 70°C, unless otherwise noted) 



Parameter 


Symbol 


Min 


Max 


Unit 


Output Voltage (l|_oad £10 **A) 


vol 




0 1 


V 




V 0 H 


v DD -oi 




V 


Output High Voltage 










(| Load = -1 6 mA) AD0-AD7 


VOH 


4 1 


v D d 




<l Load = -o 2 mA) PA0-PA7, PC0-PC7 


VOH 


4 1 


v D d 


V 


(l Load = -0 36 mA) PB0-PB7 


VOH 


4 1 


VDD 




Output Low Voltage 










(l Load = 1 6 mA) AD0-AD7, PB0-PB7 


vol 


vss 


04 




(l Load = 0 8 mA) PA0-PA7, PC0-PC7 


vol 


vss 


04 


V 


(l|_oad= 1 0 mA) IRQ 


vol 


vss 


04 




Input High Voltage, AD0-AD7, AS, DS, R/W, CE, PA0-PA7, PB0-PB7, PC0-PC7 


V|H 


Vdd-20 


VDD 


V 


RESET 


V|H 


Vdd-08 


VDD 




Input Low Voltage (All Inputs) 


V|L 


v S s 


08 


V 


Quiescent Current - No dc Loads 










(All Ports Programmed as Inputs, All lnputs= Vprj) -02V) 


Idd 




160 


/•A 


Total Supply Current 










(All Ports Programmed as Inputs, CE = V||_, t cyc =1 pis) 


idd 




30 


mA 


Input Current, CE, AS, R/W, DS, RESET 


'in 




±1 0 




Hi-Z State Leakage, AD0-AD7, PA0-PA7, PB0-PB7, PC0-PC7 


itsl 




±10 0 





EQUIVALENT TEST LOADS 



TTL Equivalent 



Test 
Point 



MMD6150 
or Equiv 

— K- 



Ri 



MMD7000 
or Equiv 



Pin 


R1 


R2 


C 


AD0-AD7 


2 55k 


2 0k 


130 pF 


PA0-PA7, PC0-PC7 


20 0k 


4 32k 


50 pF 


PB0-PB7 


11 5k 


2 1k 


50 pF 



CMOS Equivalent 



Test Point O- 



For all outputs except IRQ 
C = 50 pF, All Ports 
= 130 pF, AD0-AD7 
for V D d = 5 V ±10% 



Test Point O- 



V D D 



4 02 k 



90 pF 



IRQ Only 
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BUS TIMING (Vpp = 5 Vdc ± 10%, Vss = 0 Vdc, Ta = 0° to 70°C, unless otherwise noted) 



Ident. 
Number 


Characteristics 


Symbol 


Min 


Max 


Unit 


1 


Cycle Time 


l cyc 


1000 


dc 


ns 


2 


Pulse Width, DS/E Low or RD/WH High 


PW EL 


300 


- 


ns 


3 


Pulse Width, DS/E High or RD/WR Low 


PW EH 


325 


- 


ns 


4 


Input Rise and Fall Time 


tr- tf 


- 


30 


ns 


8 


R/W Hold Time 


'RWH 


10 


- 


ns 


13 


R/W and CE Setup Time Before DS/E 


'RWS 


25 


- 


ns 


15 


Chip Enable Hold Time 


tCH 


0 


- 


ns 


18 


Read Data Hold Time 


tDHR 


10 


100 


ns 


21 


Write Data Hold Time 


'DHW 


0 


- 


ns 


24 


Muxed Address Valid Time to AS/ALE Fall 


tASL 


25 




ns 


25 


Muxed Address Hold Time 


tAHL 


20 




ns 


26 


Delay Time DS/E to AS/ALE Rise 


'ASD 


60 




ns 


27 


Pulse Width, AS/ALE High 


pwash 


170 




ns 


28 


Delay Time, AS/ALE to DS/E Rise 


'ASED 


60 




ns 


30 


Peripheral Output Data Delay Time from DS/E or RD 


'DDR 


20 


240 


ns 


31 


Peripheral Data Setup Time 


'DSW 


220 




ns 



NOTE- Designations E, ALE, RD, and WR" refer to signals from alternative microprocessor signals 



BUS TIMING DIAGRAM 




AD0- 
AD7 
READ 

NOTE V H |GH = VdD-2 0V, V L OW = 08V, forV DD = 50V ±10% 
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BUS READ TIMING COMPETITOR MULTIPLEXED BUS 



ALE (Address Latch Enable) 
(AS Pin) 



RD (Read Output Enable) 
(DS Pin) 



WR (Write Enable) 
(R/W Pin) 



CE (Chip Enable) 



AD0-AD7 
(Address/Data Bus) 



A 



A 



-(26)-*. 



-cd- 



< 



Vhigh 



VLOW 



-CD- 



Address 
Valid 



v 7 Read Da,a v, 

/ ^ Valid f 




ALE (Address Latch Enable) 
(AS Pin) 



RD (Read Output Enable) 
(DS Pin) 



WR (Write Enable) 
(R/W Pin) 



CE (Chip Enable) 



AD0-AD7 
(Address/Data Bus) 



BUS WRITE TIMING COMPETITOR MULTIPLEXED BUS 

-0- 




NOTE V H | GH = V DD -20 V, V L ow = 0 8V, forV DD = 5 0V ±10% 
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CONTROL TIMING (VpD = 5.0 Vdc ±10%, Vss = 0 Vdc, T A = 0°C to 70"C) 



Parameter 


Symbol 


Min 


Max 


Unit 


Interrupt Response (Input Modes 1 and 3) 


tIRQR 




1 0 


(JLS 


Delay, CA1 (CB1) Active Transition to CA2 (CB2) High (Output Mode 0) 


l C2 




1 0 


us 


Delay, CA2 Transition from Positive Edge of AS (Output Modes 0 and 1) 


IA2 




1 0 


\XS 


Delay, CB2 Transition from Negative Edge of AS (Output Modes 0 and 1) 


l B2 




1 0 


|JLS 


CA2/CB2 Pulse Width (Output Mode 1) 


tpw 


0 5 


1 5 


ns 


Delay, Vqq Rise to RESET High 


<RLH 


1 0 




fiS 


Pulse Width, RESET 


'RW 


1 0 




ns 



CONTROL TIMING DIAGRAMS 



IRQ" RESPONSE (INPUT MODES 1 AND 3) CA2/CB2 DELAY (OUTPUT MODE 1) 
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GENERAL DESCRIPTION 

The MC146823, CMOS parallel interface (CPI), contains 24 
individual bidirectional I/O lines configured in three 8-bit 
ports. The 15 internal registers, which control the mode of 
operation and contain the status of the port pins, are access- 
ed via an 8-bit multiplexed address/data bus. The lower four 
address bits (AD0-AD3) of the multiplexed address bus 
determine which register is to be accessed (see Figure 1). 
The four address bits (AD4, AD5, AD6, and AD7) must be 
separately decoded to position this memory map within each 
256 byte address space available via the 8-bit multiplexed 
address bus For more detailed information refer to 
REGISTER DESCRIPTION. 

FIGURE 1 - REGISTER ADDRESS MAP 



0 


Port A Data, Clear CA1 Interrupt 


P1DA 


1 


Port A Data. Clear CA2 Interrupt 


P2DA 


2 


Port A Data 


PDA 


3 


Port B Data 


PDB 


4 


Port C Data 


PDC 


5 


Not Used 




6 


Data Direction Register for Port A 


DDRA 


7 


Data Direction Register for Port B 


DDRB 


8 


Data Direction Register for Port C 


DDRC 


9 


Control Register for Port A 


CRA 


A 


Control Register for Port B 


CRB 


B 


Pin Function Select Register for Port C 


FSR 


C 


Port B Data, Clear CB1 Interrupt 


P1DB 


D 


Port B Data, Clear CB2 Interrupt 


P2DB 


E 


Handshake/ Interrupt Status Register 


HSR 


F 


Handshake Over-Run Warning Register 


HWR 



The CPI is implemented with the MOTEL circuit which 
allows direct interface with either of the two major multi- 
plexed microprocessor bus types A detailed description of 
the MOTEL circuit is provided in the MOTEL section. 



Three data direction registers (DDRs), one for each port, 
determine which pins are outputs and which are inputs. A 
logic zero on a DDR bit configures its associated pin as an in- 
put; and a logic one configures the pin as an output. Upon 
reset, the DDRs are cleared to logic zero to configure all port 
pins as inputs. 

Actual port data may be read or written via the port data 
registers (PDA, PDB, and PDC). Ports A and B each have 
two additional data registers (P1DA and P2DA - P1DB and 
P2DB1 which are used to clear the associated handshake/ 
interrupt status register bits (HSA1 and HSA2 — HSB1 and 
HSB2), respectively. Port A may also be configured as an 
8-bit latch when used with CA1. Reset has no effect on the 
contents of the port data registers. Users are advised to 
initialize the port data registers before changing any port pin 
to an output. 

Four pins on port C (PC4/CA1, PC5/CA2, PC6/CB1, and 
PC7/CB2) may additionally be programmed as handshake 
lines for ports A and B via the port C function select register 
(FSR). Both ports A and B have one input-only line and one 
bidirectional handshake line each associated with them The 
handshake lines may be programmed to perform a variety of 
tasks such as interrupt requests, setting flags, latching data, 
and data transfer requests and/or acknowledgements. The 
handshake functions are programmed via control registers A 
and B (CRA and CRB). Additional information may be found 
in PIN DESCRIPTIONS, REGISTER DESCRIPTION, or 
HANDSHAKE OPERATION. 

MOTEL 

The MOTEL circuit is a concept that permits the 
MC146823 to be directly interfaced with different types of 
multiplexed bus microprocessors without any additional 
external logic. For a more detailed description of the multi- 
plexed bus, see MULTIPLEXED BIDIRECTIONAL AD- 
DRESS/DATA BUS (AD0-AD7). Most multiplexed micro- 
processors use one of two synchronous buses to interface 
peripherals. One bus was originated by Motorola in the 
MC6803 and the other by Intel in the 8085. 

The MOTEL circuit (for MOTorola and intEL bus) is built 
into peripheral and memory ICs to permit direct connection 
to either type of bus. A functional diagram of the MOTEL cir- 
cuit is shown in Figure 2. 




Motorola Type Competitor Type MC146823 
MPU Signals MPU Signals Pin Signals 



FIGURE 2 - FUNCTIONAL DIAGRAM OF MOTEL CIRCUIT 

Competitive Bus 



AS 



ALE 



DS.E, or<*>2 RD 



R/W 



WR 



R/W Q 



Internal 
Signals 
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The microprocessor type is automatically selected by the 
MOTEL circuit through latching the state of the DS/RD pin 
with AS/ALE. Since DS is always low during AS and RD is 
always high during ALE, the latch automatically indicates 
with which type microprocessor bus it is interfaced. 

PIN DESCRIPTIONS 

The following paragraphs contain a brief description of the 
input and output pins. References (if applicable) are given to 
other paragraphs that contain more detail about the function 
being performed. 

MULTIPLEXED BIDIRECTIONAL ADDRESS/DATA BUS 
(AD0-AD7) 

Multiplexed bus processors save pins by presenting the 
address during the first portion of the bus cycle and using 
the same pins during the second portion of the bus cycle for 
data. Address-then-data multiplexing does not slow the 
access time of the MC146823 since the bus reversal from 
address to data is occurring during the internal register 
access time. 

The address must be valid t^SL pnor to the fall of 
AS/ALE at which time the MC146823 latches the address 
present on the AD0-AD3 pins. Valid write data must be 
presented and held stable during the latter portion of the DS 
or WR~ pulses. In a read cycle, the MC146823 outputs eight 
bits of data during the latter portion of the DS or RD pulses, 
then ceases driving the bus (returns the output drivers to 
high impedance) tQHR hold_time after DS falls in the 
Motorola case of MOTEL or RD rises in the other case 

ADDRESS STROBE (AS) 

The address strobe input pulse serves to demultiplex the 
bus. The falling edge of AS or ALE causes the addresses 
AD0-AD3 to be latched within the MC146823. The automatic 
MOTEL circuit in the MC146823 also latches the state of the 
DS pin with the falling edge of AS or ALE 

DATA STROBE OR READ (DS) 

The DS input pin has two interpretations via the MOTEL 
circuit. When generated by a Motorola microprocessor, DS 
is a positive pulse during the latter portion of the bus cycle, 
and is variously called DS (data strobe), E (enable), or phase 
2 (phase 2 clock). During read cycles, DS or RD signifies the 
time that the CPI is to drive the bidirectional bus In write 
cycles, the trailing edge of DS or rising edge of WR causes 
the parallel interface to latch the written data present on the 
bidirectional bus. 

The second MOTEL interpretation of DS is that of RD, 
MEMR, or l/OR originating from the competitor's micropro- 
cessor. In this case, DS identifies the time period when the 
parallel interface drives the bus with read data This inter- 
pretation of DS is also the same as an output-enable signal 
on a typical memory 

The MOTEL circuit, within the MC146823, latches the 
state of the DS pin on the falling edge of AS/ALE When the 
Motorola mode of MOTEL is desired DS must be low during 
AS/ALE, which is the case with the Motorola multiplexed 
bus microprocessors. To insure the competitor mode of 
MOTEL, the DS pin must remain high during the time AS/ 
ALE is high. 



READ/WRITE (R/W) 

The MOTEL circuit treats the R/W input pin in one of two 
ways First, when a Motorola microprocessor is connected, 
R/W is a level which indicates whether the current cycle is a 
read_or write. A read cycle is indicated with a high level on 
R/W while DS is high, whereas a write cycle is a low on 
R/W while DS is high 

The second interpretation of R/W is as a negative write 
pulse, WR, MEMW, and T/5W from competitor's micropro- 
cessors The MOTEL circuit in thisjnode gives the R/W pin 
the same meaning as the write (W) pulse on many generic 
RAMs 

CHIP ENABLE (CE) 

The CE input signal must be asserted (low) for_the bus 
cycle in which the MC146823 is to be accessed CE is not 
latched and must be stable prior to and during DS (in the 
Motorola case of MOTEL) and prior to and during RD and 
WR (in the other MOTEL case). Bus cycles which take place 
without asserting CE cause no actions to take place within 
the MC146823. When CE is high, the multiplexed bus output 
is in a higjvimpedance state 

When CE is high, all data, DS, and R/W inputs from the 
microprocessor are disconnected within the MC146823 This 
permits the MC146823 to be isolated from a powered-down 
microprocessor 

RESET (RESET) 

The RESET input pin is an active-low line that is used to 
restore all register bits, except the port data register bits, to 
logical zeros After reset, all port lines are configured as in- 
puts and no interrupt or handshake lines are enabled 

INTERRUPT REQUEST (FKQ") 

The IRQ output line is an open dram active-low signal that 
may be used to interrupt the microprocessor with a service 
request. The "open-drain" output allows this and other 
interrupt request lines to be wire ORed with a pullup resistor 
The IRQ line is low when bit 7 of the status register is high 
Bit 7 (IRQF) of the handshake/interrupt status register 
(HSR) is set if any enabled handshake transition occurs, and 
its associated control register bit is set to allow interrupts 
Refer to INTERRUPT DESCRIPTION or HANDSHAKE 
OPERATION for additional information 

PORT A, BIDIRECTIONAL I/O LINES (PA0-PA7) 

Each line of port A, PA0-PA7, is individually program- 
mable as either an input or output via its data direction 
register (DDRA) An I/O pin is an input when its correspond- 
ing DDR bit is a logic zero and an output when the DDR bit is 
a logic one See Figure 3 for typical I/O circuitry and Table 1 
for I/O operation 

There are three data registers associated with port A 
PDA, P1 DA, and P2DA. P1 DA and P2DA are accessed when 
certain handshake activity is desired See HANDSHAKE 
OPERATION for more information 

Data written to the port A data register, PDA, is latched 
into the port A output latch regardless of the state of the 
DDRA. Data written to P1DA or P2DA is ignored and has no 
affect upon the output data latch or the I/O lines An MPU 
read of port bits programmed as outputs reflect the last value 
written to the PDA register Port A pins programmed as in- 
puts may be latched via the handshake line PC4/CA1 (see 
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FIGURE 3 - TYPICAL PORT I/O CIRCUITRY 
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TABLE 1 - PORT DATA REGISTER ACCESSES (ALL PORTS) 



R/W 


DDR 
Bit 


Results 


0 


0 


The I/O pin is in input mode Data is written into the 
output data latch 


0 


1 


Data is written into the output data latch and out- 
put to the I/O pin 


1 


0 


The state of the I/O pin is read 


1 


1 


The I/O pin is in an output mode The output 
data latch is read 



HANDSHAKE OPERATION) and latched input data may be 
read via any of the three port A data registers. If the port A 
input latch feature is not enabled, an MPU read of any port A 
data register reflects the current status of the port A input 
pins if the corresponding DDRA b.its equal zero Reset has 
no effect upon the contents of the port A data register; 
however, all pins will be placed in the input mode (all DDRA 
bits forced to equal zero) and all handshake lines will be 
disabled. 

PORT B BIDIRECTIONAL I/O LINES (PB0-PB7) 

Each line of port B, PB0-PB7, is individually programmable 
as either an input or an output via its data direction register 
(DDRB) An I/O pin is an input when its corresponding DDR 
bit is a logic zero and an output when the DDR bit is a logic 
one. 

There are three data registers associated with port B: 
PDB, P1DB, and P2DB. PDB is used for simple port B data 
reads and writes. P1 DB and P2DB are accessed when certain 
handshake activity is desired. See HANDSHAKE OPERA- 
TION for more information 

Data written to PDB or P1DB data register is latched into 
the port B output latch regardless of the state of the DDRB 
An MPU read of port bits programmed as outputs reflect the 
last value written to a port B data register An MPU read of 
any port B register reflects the current status of the input 
pins whose DDRB bits equal zero Reset has no effect upon 
the contents of the port B data register; however, all pins will 
be placed in the input mode (all DDRB bits forced to equal 
zero) and all handshake lines will be disabled. 



PORT C, BIDIRECTIONAL I/O LINES (PC0-PC3) 

Each line of port C, PC0-PC3, is individually programmable 
as either an input or an output via its data direction register 
(DDRC). An I/O pin is an input when its corresponding DDR 
bit is a logic zero and an output when the DDR bit is a logic 
one. Port C data register (PDC) is used for simple port C data 
reads and writes 

Data written into PDC is latched into the port C data latch 
regardless of the state of the DDRC An MPU read of port C 
bits programmed as outputs reflect the last value written to 
the PDC register. An MPU read of the port C register reflects 
the current status of the corresponding input pins whose 
DDRC bits equal zero. Reset has no effect upon the contents 
of the port C data register; however, all pins will be placed in 
the input mode (all DDRC bits forced to equal zero) and all 
handshake lines will be disabled. 

PORT C BIDIRECTIONAL I/O LINE OR PORT A INPUT 
HANDSHAKE LINE (PC4/CA1) 

This line may be programmed as either a simple port C I/O 
line or as a handshake line for port A via the port C function 
select register (FSR) If programmed as a port C I/O pin, 
PC4/CA1 performs as described in the PC0-PC3 pin descrip- 
tion. If programmed as a port A handshake line, PC4/CA1 
performs as described in HANDSHAKE OPERATION. 

PORT C BIDIRECTIONAL I/O LINE OR PORT A 
BIDIRECTIONAL HANDSHAKE LINE (PC5/CA2) 

This line may be programmed as either a simple port C I/O 
line or as a handshake line for port A via the port C function 
select register (FSR). If programmed as a port C I/O pin, 
PC5/CA2 performs as described in the PC0-PC3 pin descrip- 
tion. If programmed as a port A handshake line, PC5/CA2 
performs as described in HANDSHAKE OPERATION. 

PORT C BIDIRECTIONAL I/O LINE OR PORT B INPUT 
HANDSHAKE LINE (PC6/CB1) 

This line may be programmed as either a simple port C I/O 
line or as a handshake line for port B via the port C function 
select register (FSR). If programmed as a port C I/O pin, 
PC6/CB1 performs as described in the PC0-PC3 pin descrip- 
tion. If programmed as a port B handshake line, PC6/CB1 
performs as described in HANDSHAKE OPERATION. 
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PORT C BIDIRECTIONAL I/O LINE OR PORT B 
BIDIRECTIONAL HANDSHAKE LINE (PC7/CB2) 

This line may be programmed as either a simple port C I/O 
line or as a handshake line for port B via the port C function 
select register (FSR) If programmed as a port C I/O line, 
PC7/CB2 performs as described in the PC0-PC3 pin descrip- 
tion. If programmed as a port B handshake line, PC7/CB2 
performs as described in HANDSHAKE OPERATION. 



HANDSHAKE OPERATION 

Up to four port C pins can be configured as handshake 
lines for ports A and B (one input-only and one bidirectional 
line for each port) via the port C function select register 
(FSR). The direction of data flow for the two bidirectional 
handshake lines (CA2 and CB2) is determined by bits 5 and 
7, respectively, of the port C data direction register (DDRC). 
Actual handshake operation is defined by the appropriate 
port control register (CRA or CRB). 

The control registers allow each handshake line to be pro- 
grammed to operate in one of four modes. CA2 and CB2 
each have four input and four output modes For detailed in- 
formation, see Tables 2 and 3. 



A summary of the handshake modes is given in the input 
and output sections that follow All handshake activity is 
disabled by reset. 

INPUT 

Handshake lines programmed as inputs operate in any of 
four different modes as defined by the control registers (see 
Table 2). A bit in the handshake/interrupt status register 
(HSR) is set to a logic one on an active transition of any 
handshake line programmed as an input Modes 0 and 1 
define a negative transition as active, modes 2 and 3 define a 
positive transition as active If modes 1 or 3 are selected on 
any input handshake line then the active transition of that 
line results in the IRQF bit of the HSR being set to a logic one 
and causes the interrupt line (fRTj) to go low rEO is released 
by clearing the HSR bits that are input handshake lines 
which have interrupts enabled 

If an active transition occurs while the associated HSR bit 
is set to a logic one, the corresponding bit in the handshake 
warning register (HWR) is set to a logic one indicating that 
service of at least one active transition was missed An HWR 
bit is cleared to a logic zero by first accessing the appropriate 
port data register, to clear the appropriate HSR status bit, 
followed by a read of the HWR 



TABLE 2 - INPUT HANDSHAKE MODES 



Mode 


Control 
Register Bits* 


Active 
Edge 


Status Bit 
In HSR 


IRS Pin 


0 


00 


-Edge 


Set high on 
active edge 


Disabled 


1 


01 


-Edge 


Set high on 
active edge 


Goes low when corresponding 
status flag in HSR goes high 


2 


10 


+ Edge 


Set high on 
active edge 


Disabled 


3 


11 


+ Edge 


Set high on 
active edge 


Goes low when corresponding 
status flag in HSR goes high 



' Cleared to logic zero on reset 



TABLE 3 - OUTPUT HANDSHAKE LINES (CA2 AND CB2 ONLY) 



Mode 


Control 
Register 
CRA(B) 

Bits 
3 and 4» 


Handshake Une Set High 


Handshake Line Cleared Low 


Default 
Level 


0 


00 


Handshake set high on active 
transition of CA1 input. 

Handshake set high on active 
transition of CB1 input 


Read of P1DA or a read of P2DA 
while HSA1 is cleared. 

Write of port B P1DB or write 
of P2DB while HSB1 is cleared. 


High 


1 


01 


High on the first positive 
(negative) transition of AS 
while CA2 (CB2) is low. 


Low on the first positive 
(negative) transition on AS fol- 
lowing a read (write) of port 
AIB) data registers PIDA(B) or 
P2DAIB). 


High 


2 


10 


Never 


Always 


Low 


3 


11 


Always 


Never 


High 



* Cleared to logic zero on reset. 
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INPUT LATCH 

Port A input-only handshake line (PC4/CA1) can be pro- 
grammed to function as a latch enable for port A input data 
via CA1 LE (bit 2 of CRA) If CA1 LE is programmed to a 
logic one, an active transition of PC4/CA1 will latch the cur- 
rent status of the port A input pins into all three port A data 
registers ( PDA, P1 DA, and P2DA) When CA1 LE is enabled, 
port A and PC4/CA1 function as an 8-bit transparent latch, 
that is, if the HSA1 bit in the HSR is a logic zero then a read 
of any port A register reflects the current state of the port A 
input pins and corresponding bits of the output data latch for 
port A output pins. If HSA1 is a logic one, a read of any port 
A data register reflects the state of the port A input pins 
when HSA1 was set and the corresponding bits of the port A 
output data latch for port A output pins 

Further transitions of PC4/CA1 result only in setting the 
HWA1 bit in the HWR and do not relatch data into the port A 
registers Latched data is released only by clearing HSA1 in 
the HSR to a logic zero (HSA1 is cleared by reading P1DA). 

OUTPUT 

Each bidirectional handshake line programmed as an out- 
put by the DDRC operates in one of four modes as described 
in Table 3 Modes 2 and 3 force the output handshake line to 
reflect the state of bit 4 in the appropriate control register 

In modes 0 and 1, PC5/CA2 is forced low during the cycle 
following a read of P1DA or a read of P2DA while HSA1 is 
cleared. PC7/CB2 is forced low during the cycle following a 
write to P1DB or a write to P2DB while HSB1 is cleared. 
Because of these differences, port A is the preferred input 
port and port B is the preferred output port. 

In mode 0, PC5/CA2 (PC7/CB2) is set high by an active 
transition of PC4/CA1 (PC6/CB1). In mode 1, PC5/CA2 
(PC7/CB2) is set high in the cycle following the cycle in 
which PC5/CA2 (PC7/CB2) goes low Mode 1 forces a low- 
going pulse on PC5/CA2 (PC7/CB2) following a read (write) 
of P1DA (P1DB) or P2DA (P2DB) that is approximately one 
cycle time wide 

When entering an output handshake mode for the first 
time after a reset, the handshake line outputs the default 
level as listed in Table 3 



INTERRUPT DESCRIPTION 

The MC146823 allows an MPU interrupt request (IRQ" low) 
via the input handshake lines The input handshake line, 
operating in modes 1 or 3 as defined by the control registers 



(CRA and CRB), causes rFK3 to go low when IRQF (interrupt 
flag) in the HSR is set to a logic one. fftQ is released when 
IRQF is cleared See Handshake/ Interrupt Status Register 
under REGISTER DESCRIPTION for additional information. 



REGISTER DESCRIPTION 

The MC146823 has 15 registers (see Figure 1) which define 
the mode of operation and status of the port pins The 
following paragraphs describe these registers 



Register Names: 

Control Register A (CRA) 
Control Register B (CRB) 

Register Addresses: 

$9 (CRA) 
$A (CRB) 

Register Bits: 



7 


6 


5 


4 3 


2 


1 0 


X 


X 


X 


CA2 


CA1 


CA1 


Mode 


LE 


Mode 


X 


X 


X 


CB2 
Mode 


X 


CB1 
Mode 



Purpose: 

These two registers control the handshake and interrupt 
activity for those pins defined as handshake lines by the 
port C function select register (FSR) 



Description: 

CA2 and CB2 are programmed as inputs or outputs via the 
associated DDRC bits Each handshake line is controlled 
by two mode bits Bit 2 of CRA enables the Port A latch 
for an active CA1 transition. Table 2 describes the input 
handshake modes (CA1, CB1, CA2, CB2) and Table 3 
describes the output handshake modes for CA2 and CB2. 
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Register Names: 
Port A Data Registers (PDA, P1DA, P2DA) 

Register Addresses: 

$2 (PDA), $0 (P1DA), $1 (P2DA) 

Register Bits: 

7 6 5 4 3 21 0 
| Bit 7 [ Bit 6 | Bit 5 | Bit 4 | Bit 3 | Bit 2 j Bit 1 | Bit 0 | 

Purpose: 

These three registers serve different purposes. PDA is 
used to read input data and latch data written to the port A 
output pins P1DA and P2DA are used to read input data 
and to affect handshake and status activity for PC4/CA1 
and PC5/CA2. If enabled, port A input data may be latch- 
ed into the three port A data registers on an active 
PC4/CA1 transition as described in HANDSHAKE 
OPERATION. 

Description: 

Data written into PDA is latched into the port A output 
latch (see Figure 3) regardless of the state of DDRA Out- 
put pins, as defined by DDRA, assume the logic levels of 
the corresponding bits in the PDA output latch. The PDA 
output latch allows the user to read the state of the port A 
output data If the input latch is not enabled, a read of any 
port A data register reflects the current state of the port A 
input pins as defined by DDRA and the contents of the 
output latch for output pins Writes into P1DA or P2DA 
have no effect upon the output pins or the output data 
latch. Users are recommended to initialize the port A out- 
put latch before changing any pin to an output via the 
DDRA 

MPU accesses of P1DA or P2DA are primarily used to af- 
fect handshake and status activity A summary of the ef- 
fects on the status and warning bits of port A data register 
accesses is given in Table 4 For more information, see 
HANDSHAKE OPERATION and Control Register A (CRA) 
under REGISTER DESCRIPTION. Reset has no effect 
upon the contents of any port A data register 



Register Names: 

Port B Data Registers (PDB, P1DB, P2DB) 

Register Addresses: 

$3 (PDB), $C(P1DB), $D (P2DB) 

Register Bits: 



| Bit 7 | Bit 6 | Bit 5 | Bit 4 [ Bit 3 | Bit 2 | Bit 1 | Bit 0 | 
Purpose: 

These three registers serve different purposes The Port B 
data registers are used to read input data and to latch data 
written to the port B output pins Writes to PDB and P1 DB 
affect the contents of the output data latch while writes to 
P2DB do not affect the output data latch P1 DB and P2DB 
accesses additionally affect handshake and status activity 
for PC6/CB1 and PC7/CB2 



Description: 

Data written into PDB and P1 DB port B registers is latched 
into the port B output latch (see Figure 3) regardless of the 
state of DDRB Output pins, as defined by DDRB, assume 
the logic levels of the corresponding bits in the port B out- 
put latch. Reads of any port B data registers reflect the 
contents of the output data latch for output pins and the 
current state of the input pins (as determined by DDRB) 
Users are recommended to initialize the port B output 
latch before changing any pin to an output via the DDRB 

MPU accesses of P1DB or P2DB are primarily used to af- 
fect handshake and status activity A summary of the ef- 
fects on status and warning register bits of port B data 
register accesses is given in Table 5 For more information, 
see HANDSHAKE OPERATION or Control Register B 
(CRB) under REGISTER DESCRIPTION. Reset has no ef- 
fect upon the contents of any port B data register 



TABLE 4 - SUMMARY OF EFFECTS ON HANDSHAKE STATUS, WARNING BITS, 
AND OUTPUT LATCH BY PORT A DATA REGISTER ACCESSES 



Register 
Accessed 


HSR Bit 


HWR flit 


Handshake Reaction 


Output Latch 


Read 


Write 


PDA 


None 


None 


None 


Yes 


Yes 


P1DA 


HSA1 cleared 
to a logic 
zero 


HWA1 loaded 
into buffer 
latch 


CA2 goes low if output modes 
0 or 1 are selected in the CRA 


Yes 


No 


P2DA 


HSA2 cleared 
to a logic 
zero 


HWA2 loaded 
into buffer 
latch 


CA2 goes low if output modes 
0 or 1 are selected in the CRA 


Yes 


No 
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TABLE 5 - SUMMARY OF EFFECTS ON HANDSHAKE STATUS, WARNING BITS, 
AND OUTPUT LATCH BY PORT B DATA REGISTER ACCESSES 



Register 
Accessed 


HSR Bit 


HWR Bit 


Handshake Reaction 


Output Latch 


Read 


Write 


PDB 


None 


None 


None 


Yes 


Yes 


P1DB 


HSB1 cleared 
to a logic 
zero 


HWB1 loaded 
into buffer 
latch 


CB2 goes low if output modes 
0 or 1 are selected in the CRB 


Yes 


Yes 


P2DB 


HSB2 cleared 
to a logic 
zero 


HWA2 loaded 
into buffer 
latch 


CB2 goes low if output modes 
0 or 1 are selected in CRB 


Yes 


No 



Register Name: 

Port C Data Register (PDC) 

Register Address: 

$4 

Register Bits: 

7 6 5 4 3 210 

| Bit 7 | Bit 6 | Bit 5 | Bit 4 | Bit 3 | Bit 2 | Bit 1 | Bit 0 | 

Purpose: 

The port C data register '(PDC) is used to read input data 
and to latch data written to the output pins 

Description: 

Data is written into the port C output latch (see Figure 3) 
regardless of the state of DDRC Any port C pin defined as 
a handshake line by the port C function select register 
(FSR) is not affected by PDC Output pins, as defined by 
DDRC, assume logic levels of the corresponding bits in the 
port C output latch. A read of PDC reflects the contents of 
the output latch for output pins and the current state of 
the input pins (as reflected in the DDRC) Reset has no ef- 
fect upon the contents of PDC Users are recommended 
to initialize the port C output data latch before changing 
any pin to an output via the DDRC 

Register Name: 

Data Direction Register for Port A (B) (C) 

Register Address: 

$6 ($7) ($8) 

Register Bits: 

7 6 5 4 3 21 0 
| Bit 7 | Bit 6 | Bit 5 | Bit 4 | Bit 3 | Bit 2 | Bit 1 | Bit 0 | 

Purpose: 

Each of the three data direction registers (DDRA, DDRB, 
and DDRC) define the direction of data flow of the port 
pins for ports A; B, and C 



Description: 

A logic zero in a DDR bit places the corresponding port pin 
in the input mode A logic one in a DDR bit places the cor- 
responding pin in the output mode Any port C pins de- 
fined as bidirectional handshake lines also use the port C 
DDR (DDRC) Input-only handshake lines are not affected 
by DDRC Reset clears all DDR bits to logic zero configur- 
ing all port pins as inputs. The DDRs have no wnte-inhibit 
control over the port data output latches Data may be 
written to the port data registers even though the pins are 
configured as inputs 

Register Name: 
Port C Pin Function Select Register (FSR) 

Register Address: 
$B 

Register Bits: 

7 6 5 4 3 21 0 

j CFB2 | CFB1 | CFA2 | CFA1 | XX | XX | XX | XX | 

Purpose: 

The port C pin function select register defines whether the 
multifunction port C pins are to operate as "normal" port 
C lines or as handshake lines 

Description: 

A logic zero in any FSR bit defines the corresponding port 
C pin as a "normal" I/O pin. A logic one in any valid FSR 
bit defines the corresponding port C pin as a handshake 
line. Pins defined as handshake lines function according to 
the contents of control register A (CRA) or control register 
B (CRB) The port C data direction register (DDRC) is valid 
regardless of FSR contents for all pins except PC4/CA1 
and PC6/CB1 Transitions on port C pins not defined as 
handshake pins do not effect the handshake/interrupt 
status register Reset clears all FSR bits to a logic zero 
Users are recommended to initialize the data direction and 
control registers before modifying the FSR. 
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Register Name: 

Handshake/ Interrupt Status Register (HSR) 

Register Address: 

$E 

Register Bits: 

7 6 5 4 3 21 0 
| IRQF | XX | XX | XX | HSB2 | HSA2 | HSB1 | HSA1 | 

Purpose: 

The handshake interrupt status register is a read-only flag 
register that may be used during a polling routine to deter- 
mine if any enabled input handshake transition, as defined 
by the control register (CRA and CRB), has occurred. 

Description: 

If an enabled input handshake transition occurs then the 
appropriate HSR bit (HSB2, HSA2, HSB1, or HSA1) is 
set. The IRQ flag bit (bit 7, IRQF) is set when one or more 
of the HSR bits 0-3 and their corresponding control 
register bits are set to a logic one as shown in the follow- 
ing equation: 

Bit 7= IRQF = [HSB2»CRB2(3)] + [HSA2»CRA2(3)] 
+ [HSB1»CRB1(0)] + [HSA1»CRAK0)] 

The numbers in ( ) indicate which bit in the control 
register enables the interrupt 

Handshake/interrupt status register bits are cleared by 
accessing the appropriate port data register. The following 
table lists the HSR bit and the port data register that must 
be accessed to clear the bit 



To Clear 
HSR Bit 



Access 
Register 



HSB2 
HSA2 
HSB1 
HSA1 



P2DB 
P2DA 
P1DB 
P1DA 



Reset clears all handshake/interrupt status register bits to 
a logic zero. 



Register Name: 

Handshake Warning Register (HWR) 

Register Address: 

$F 

Register Bits: 



| XX | XX | XX | XX |HWB2|HWA2|HWBl|HWAl| 
Purpose: 

The warning register is a read-only flag register that may 
be used to determine if a second attempt to set a hand- 
shake/interrupt status register bit has been made before 
the original had been serviced 

Description: 

Each bit in the handshake/interrupt status register, except 
IRQF, has a corresponding bit in the handshake warning 
register. If an attempt is made to set a bit in the hand- 
shake/interrupt status register that is already set, then the 
corresponding bit in the handshake warning register is also 
set An attempt is the occurrence of any enabled input 
handshake transition as defined by the control registers 

A handshake warning register bit is cleared by first reading 
the appropriate data register then reading the handshake 
warning register Reading the data register (either P1DA, 
P2DA, P1DB, or P2DB) loads a buffer latch with the pro- 
per bit in the handshake warning register (HWA1 , HWA2, 
HWB1, and HWB2, respectively). The next read of the 
handshake warning register clears the appropriate bit 
without affecting the other three handshake warning 
register bits The upper four bits, HWR4-HWR7, always 
read as logic zeros. If a port data register is not read before 
reading the handshake warning register, then the hand- 
shake warning register bits will remain unaffected Reset 
clears all HWR bits to a logic zero. 

Recommended status register handling sequence' 



Read status 
register 

Read/write port 
data indicated by 
status register 
Read warning 
register 



(User determines which if any 
enabled handshake transition 
occurred) 

(Clears associated status bit and 
latches appropriate warning 
register bit in the buffer latch) 
(Latched warning bit is cleared 
and the remaining bits are unaf- 
fected) 
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TYPICAL INTERFACING 



The MC146823 is best suited for use with microprocessors 
which generate an address-then-data-multiplexed bus. 
Figure4 shows the MC146823 in a typical CMOS system that 



uses the MC146805E2 CMOS MPU. Other multiplexed 
microprocessors can be used as easily. 

A single-chip microcomputer (MCU) may be interfaced 
with 1 1 port lines as shown in Figure 5 This interface also re- 
quires some software overhead to gain up to 13 additional 
I/O lines and the MC146823 handshake lines 



FIGURE 4 - A TYPICAL CMOS MICROPROCESSOR SYSTEM 
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FIGURE 5 - MC146823 INTERFACED WITH THE PORTS OF A 
TYPICAL SINGLE-CHIP MICROCOMPUTER 
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CA1 
CB1 

CA2 
CB2 



RESE1 



Lines 



Port 
Lines 
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ORDERING INFORMATION (T A = 0°Cto + 70°C) 



Package Type 


Order Number 


Plastic - P Suffix 


MC146823P 


PLCC - FN Suffix 


MC146823FN 



PIN ASSIGNMENT 



PC2l 

PC1[ 

PC0[ 

PA0[ 

PA1[ 

PA2[ 

PA3[ 

PA4[ 

PA5[ 

PA6[ 

PA7[ 

AD0[ 

AD1[ 

AD2[ 

AD3[ 

AD4 

AD5[ 

AD6 

AD7[ 

vssl 



40 ]V DD 



]PC3 

]PC4/CA1 

]PC5/CA2 

]PC6/CB1 

]PC7/CB2 

]PB0 

]PB1 

]PB2 

]PB3 

]PB4 

]PB5 

]PB6 

]PB7 

im 

]RTSTT 

]DS 

]R/W 

]AS 

]CE 



Pin assignments are the same for both the dual-in- 
hne and chip carrier package 
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Advanced Information 

Port Replacement Unit (PRU) 

The MC68HC24 is a peripheral device which replaces ports B and C of the MC68HC11 microcom- 
puter (MCU). These ports are lost when the MCU is placed in the expanded or special test modes of 
operation. Port B is a general-purpose output port. Port C is a general-purpose input/output port 
complemented by full handshake capability. This device can also be used in an emulator as a re- 
placement for port B, port C, STRA, and STRB. Applications requiring external memory in early pro- 
duction or top of the line models can also use the MC68HC24 for parallel I/O. When used in these 
expanded systems, a later switch to a single-chip solution will be transparent to software. 

The MC68HC24 is not restricted to simply replacing MC68HC11 ports. The MC68HC24 should be 
considered as a cost-effective solution for any CMOS microcomputer system requiring I/O expan- 
sion, parallel printer interface, or interprocessor communications in multiple MCU systems. 

Hardware Features 

• Supports All Handshake and I/O Modes of the MC68HC1 1 Ports 

• Automatic Conformance to the MC68HC11 Variable Memory Map 

• Multiplexed Address/Data Bus 

• Can Be Used with the MC68HC11, MC146805E2, MC146805E3, 
and other CMOS Microcomputers 

• 0- to 2.1-MHz Operation 

Software Features 

• Software Compatible to MC68HC11 in Single-Chip Mode 

• Minimizes Software Overhead for Parallel I/O Handshake Protocols 



This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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PORT B 
(PBO-PB7) ' 



A . 


I/O 






BUFFER 



PORT B 



INIT REGISTER 
WRITE CONTROL 



MODE • 



A15- 
A14- 
A13- 
A12- 



MAGNITUDE 
COMPARATOR 



E- 

RTSTT- 
R/W- 

cs- 



HPRIO 



CHIP 
SELECT 
LOGIC 



C=5 



DDRC 



PORT C 



I/O 
BUFFER 



STAF 
.TAl| 



INTERRUPT 
CONTROLLER 



PORT C 
CONTROLLER 



LATCH 



WOM 



PORT C 
(PCO PC7I 



->-ifiQ" 
— STRA 



STROBE 
B 

CONTROLLER 



DATA BUFFERS 



L 



ADDRESS LATCH 



IT 



VDD 



MULTIPLEXED ADDRESS/DATA 
(ADO AD7) 



Figure 1. Block Diagram 



MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


V D D 


-0.5 to +7.0 


V 


Input Voltage 


Vin 


Vss -0.5 to Vdd +0.5 


V 


Current Dram per Pin 


'IK 


25 


mA 


Operating Temperature Range 
MC68HC24 
MC68HC24V 
MC68HC24M 


ta 


T L to T H 

-40 to +85 
-40 to +105 
-40 to +125 


°C 


Storage Temperature Range 


Tstg 


-55 to +150 





This device contains circuitry which protects 
the inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high-imped- 
ance circuit. For proper operation, it is rec- 
ommended that V m and V ou t be constrained 
to the range Vss s < v in or v out> 55 V DD 
Unused inputs must always be tied to an ap- 
propriate logic voltage level (e.g., either Vss 
or Vdd>- 



THERMAL CHARACTERISTICS 



Characteristic 


Symbol 


Value 


Unit 


Thermal Resistance 


8JA 




°c/w 


Plastic 40-Pin DIP 




60 




Plastic 44-Pin Quad Pack 




70 
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POWER CONSIDERATIONS 



The average chip-junction temperature, Tj, in °C can 
be obtained from: 



Tj=t a +(p d -0ja) (1) 



where: 




T A 


= Ambient Temperature, °C 


6ja 


= Package Thermal Resistance, Junction-to- 


Ambient, °C/W 


PD 


= P|NT + p PORT 


Pint 


= Iqq x Vqq, Watts — Chip Internal Power 


PPORT 


= Port Power Dissipation on Input and Out- 


put Pins — User Determined 



For most applications PpORT <p INT anc * can De ne " 



glected. PpoRT mav become significant if the device is 
configured to drive Darlington bases or sink LED loads. 

An approximate relationship between Pq and Tj (if 
PpORT ' s neglected) is: 

Pd = k -< t J + 273 ° c > (2) 
Solving equations (1) and (2) for K gives: 

K=P D .(T A +273°C) + 8jA'PD 2 (3) 
where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring Prj 
(at equilibrium) for a known T^. Using this value of K, 
the values of Pq and Tj can be obtained by solving equa- 
tions (1) and (2) iteratively for any value of T^. 



MODE SELECTION AND RESET TIMING (V DD = 5.0 V±10%, Vss = 0 Vdc, T A = T|_to T H ) (see Figure 2) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


RESET Low Input Pulse Width 


PWrstL 


2 






Ecyc 


Mode Programming Setup time 


imps 


2 






Ecyc 


Mode Programming Hold Time 


tMPH 


0 






Ecyc 



vdd 



RESET 



MODE 



PWRSTL 



•imps' 



tMPH 



NOTE: Measurement points shown are 20% and 70% Vdq. 



Figure 2. Mode Selection and Reset Timing Diagram 
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DC ELECTRICAL CHARACTERISTICS (V DD = 5.0 V±10%, V ss = 0 Vdc, T A = T L to T H , unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Output Voltage (l|_ oa d= ±10 p.A) All Outputs 

MM wUipuib CXCcpi InU \Scc INU It; 1/ 


vol 

V 0H 


Vr>r\ — n 1 
V DD u ' ' 


0.1 


V 


Output Low Voltage (l|_oad = 1 - 6 mA > 


vol 




0.4 


V 


Output High Voltage (l|_oad= ~ 0 - 8 mA » Vdd = 4.5 V) 

All HutnutQ Fvrpnt IRO icpp MntP ^\ 

nil UUipUlo bAliCpi InU |3CC HUlC 1/ 


voh 


Vdd-0-8 


— 


V 


Input Low Voltage All Inputs 


V|L 


vss 


02xV DD 


V 


Input High Voltage All Inputs 


V|H 


0.7xV DD 


V D D 


V 


I/O Ports, 3-State Leakage (Vj n = V|H or V||_) PB0-PB7, PC0-PC7, AD0-AD7 


ioz 




±10 




Input Current (Vj n = VoD or Vss) 

E, AS. R/W, CS, MODE, A12-A15, IOTEST, STRA 


■in 




±1 


^A 


Total Supply Current (see Note 2) 


Idd 




5 


mA 


Input Capacitance E, AS, R/W, CS, MODE, A12-A15, IOTEST, STRA 

PB0-PB7, PC0-PC7, AD0-AD7 


Cm 




80 
12.0 


pF 


Power Dissipation 


pd 




28 


mW 



NOTES: 

1. Voh specification for IRQ is not applicable because it is an open-drain output pin. 

2. Test conditions for total supply current are as follows: 

a. C|_ = 90 pF on Port B and ADO through AD7, no dc loads, t cyc = 500 ns. 

b. Port C programmed as inputs. 

c- V|L = Vss + 0.2 Vfor PC0-PC 7, AD7-AD2 and ADO (during E = V| L ), CS 

V|H = VDD-0.2 V for RESET, R/W, AD1 (during E = V| L ), MODE. 

d. The E input is a squarewave from Vss + 0.2 V to Vdd _ 0.2 V. 

e. AS input is 25% duty cycle from Vgs + 0.2 V to Vdq-0.2 V. 



PERIPHERAL PORT TIMING (V DD = 5.0 V± 10%, all timing is shown with respect to 20% Vdd and 70% V DD ) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Figure No. 


Peripheral Data Setup Time (Port C) 


tPDSU 


100 




ns 


4 


Peripheral Data Hold Time (Port C) 


tPDH 


50 




ns 


4 


Delay Time, E Negative Transition to Peripheral Data Valid 
(Ports B and C, see Note 1) 


IPWD 




100 


ns 


3, 5, 8, 9 


Input Data Setup Time (Port C) 


tis 


60 




ns 


6, 7 


Input Data Hold Time (Port C) 


t|H 


100 




ns 


6, 7 


Delay Time, E Positive Transition to STRB Asserted (see Note 1) 


tDEB 




80 


ns 


5, 7, 8, 9 


Setup Time, STRA Asserted to E Negative Transition (see Note 2) 


tAES 


0 




ns 


7, 8, 9 


Delay Time, E Rise to IRQ (see Note 3) 


t|RQD 




60 


ns 


7, 8, 9 


Delay Time, STRA Asserted to Port C Data-Out Valid (see Note 4) 


tpCD 




100 


ns 


9 


Hold Time, STRA Negated to Port C Data 


tPCH 


10 




ns 


9 


Three-State Hold Time 


tpcz 




150 


ns 


9 


STRA Cycle Time 


l Scyc 


2 




Ecyc 


6, 7 



NOTES: 

1. The referenced clock edge for this characteristic differs from the MC68HC11. 

2. If this setup time is met, STRB will be acknowledged in the next cycle. If it is not met, the response will be delayed one more 
cycl e. 

3. IRQ active when STAI is set in PIOC. 

4. Port C timing is only valid for active drive (CWOM bit is not set in PIOC). 
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MCU WRITE TO PORT 





<— tpWD — » 




PREVIOUS PORT DATA 


xxxxw 


"\NEW DATA VALID 



PORTS 
B AND C 



Figure 3. Port Write Timing Diagram 



MCU READ OF PORT 



\___7 \ / 



<• tpDSU ■ 



PORT C 



tPDH > 



NOTE: For Non-Latched Operation of Port C 

Figure 4. Port C Static Read Timing Diagram 



MCU WRITE TO PORT B 



A / V / 



! PWD 



PORT B 



PREVIOUS PORT DATA 



NEW DATA VALID 



STRB (OUT) 



»DEB 



Figure 5. Simple Output Strobe Timing Diagram 



STRA (IN) 



PORT C (IN) • 



•t|S 



'Scyc 



\ 



'IH- 



Figure 6. Simple Input Strobe Timing Diagram 
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kl READ PORTCL 1 >| 



"READY" 



STRB (OUT) 



STRA (IN) 



PORT C (INII- 



tlS ■> 



• <AES • 



tScyc 



t|H > 



• tDEB : 



tDEB- 



r 



-* — >i 



IRQ (OUT) 2 ' 



\ 



t|RQD 



t|RQD 



NOTES: 

1. After reading PIOC with STAF set. 

2. STAI set in PIOC. 

3. Figure shows rising edge STRA (EGA= 1) and high true STRB (INVB = 1). 



Figure 7. Port C Input Handshake Timing Diagram 



kiWRITE PORTCL 1 *j 



PORT C 
(OUT) 



STRB (OUT) 



STRA (IN) 



IRQ (OUT) 2 



tPWD 



M 



tDEB "READY" 

s 



tAES 



7 



\ 



tDEB 



"«-*■ — t|RQD 



NOTES: 

1. After reading PIOC with STAF set. 

2. STAI set in PIOC. 

3. Figure shows rising edge STRA (EGA= 1) and high true STRB (INVB=1). 



Figure 8. Port C Output Handshake Timing Diagram 
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|<- WRITE PORTCL 1 >| 



«PWD — 



PORT C 
(OUT) 



STRB (OUT) 



IRQ (OUT) 2 



2! 



7 



STRA (IN) 



PORT C (OUT) 
(DDR= 1) ' 



\ 



•tPCD 



<-H- tDEB "READY" 

N 



a) STRA ACTIVE BEFORE PORTCL WRITE 



STRA (IN) 



PORT C (OUT) 
(DDR = 1) 



tPCD 



VALID DATA 

s- 



b) STRA ACTIVE AFTER PORTCL WRITE 



■ l AES 



tDEB 



tIRQD 



tpCH 



m 



U >— tpcz 



tPCH 



< — »■ 



tpcz 



NOTES: 

1. After reading PIOC with STAF set. 
2 STAI set in PIOC. 

3. Figure shows rising edge STRA (EGA = 1) and high true STRB (INVB=1). 



Figure 9. Three-State Variation of Output Handshake Timing Diagram 
(STRA Enables Output Buffer) 
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BUS TIMING CHARACTERISTICS (V DD = 5.0 V±10%, Vss = OVdc,TA = T L toT H ; see Figure 10 for detailed timing diagrams) 



Ident. 
Number 


Characteristic 


Symbol 


1 MHz 


2.1 MHz 


Unit 


Min 


Max 


Min 


Max 


1 


Cycle Time 


tcyc 


1000 


— 


476 


— 


ns 


2 


Pulse Width, E Low 


PW E |_ 


460 


— 


215 


— 


ns 


3 


Pulse Width, E High 


PW EH 


450 


— 


210 


— 


ns 


4 


Input and Clock Rise and Fall Time 


tr< tf 


— 


25 


— 


20 


ns 


9 


Address Hold Time 


tAH 


20 


— 


10 


— 


ns 


13 


Non-Muxed Address Setup Time before E 


tAS 


100 


— 


50 


— 


ns 


15 


Chip Select Hold Time (CS) 


tCSH 


20 


— 


20 


— 


ns 


18 


Read Data Hold Time 


l DHR 


10 


75 


10 


75 


ns 


21 


Write Data Hold Time 


tDHW 


10 


— 


10 


— 


ns 


24 


Muxed Address Valid Time to AS Fall 


tASL 


60 




20 




ns 


25 


Muxed Address Hold Time 


tAHL 


40 




20 




ns 


26 


Delay Time, E Fall to AS Rise 


l ASD 


60 




30 




ns 


27 


Pulse Width, AS High 


PWASH 


150 




75 




ns 


28 


AS Fall to E Rise 


tASED 


60 




30 




ns 


30 


Peripheral Output Data Delay Time from E Rise (Read) 


tDDR 


20 


240 


10 


120 


ns 


31 


Peripheral Data Setup Time (Write) 


tDSW 


150 




60 




ns 



\ 



R/W, A12-A15 
(NON-MUXED) 



CS 



G> 

-CD h 



I 




<-{§> 



-0 



-<3> 



<5D 



i/un/m/i m 



I 



NOTE: Measurement points shown are 20% and 70% Vqd. 

Figure 10. Bus Timing Diagram 
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PIN DESCRIPTION 

The input and output pins for the port replacement unit are 
described in the following paragraphs. 

V DD AND V S S 

Power is supplied to the peripheral using these two pins. 
Power is Vqd ar, d ground is Vss^ 



RESET (RESET) 

This active-low control input pin is used to initialize the 
MC68HC24 to a known start-up state. The system state after 
a reset is detailed in STATE AFTER RESET. This pin must 
remain at a low level for a minimum of two E-clock cycles to 
be recognized. 

ENABLE (E) 

The E clock input is the basic MPU/MCU clock. This clock 
provides most timing reference information to the MC68HC24. 
In general, when E is low, an internal process is taking place. 
When E is high, data is being accessed. 

The E-clock runs at the external bus rate of the MPU/MCU 
and may range in frequency from dc to the maximum operating 
frequency of the device (i.e., this peripheral part is static). 
More information on the timing relationships between the var- 
ious signals may be found in PERIPHERAL PORT TIMING 
and BUS TIMING CHARACTERISTICS. 

ADDRESS STROBE (AS) 

The AS input pulse serves to demultiplex the address/data 
bus. The falling edge of AS causes the addresses ADO through 
AD7 to be latched within the MC68HC24. 

READ/WRITE (R/W) 

The read/write pin is a high-impedance input signal which 
is used to control the direction of data flow along the multi- 
plexed address/data bus. When the device is selected and the 
R/W input is high, the data output buffers are enabled and a 
selected register is read. 

Data is written into the selected register when the chip is 
selected with R/W low. R/W signal is not latched by the 
MC68HC24. In order to guarantee that register contents are 
not corrupted, R/W must be stable prior to the rising edge of 
the E clock and must remain stable throughout the E clock 
high time. 

CHIP SELECT (CS) 

This input pin serves as the device chip select. The 
MC68HC24 is selected when 1) C~S is low, 2) the contents of 
the INIT register match address lines A12 through A15, and 
3) the lower order address lines (ADO through AD7) select an 
internal register address. All three of these conditions must 
be met to access the internal registers. The CS signal is latched 
on the rising edge of the E clock and must be stable prior to 
that edge. 

No action will take place within the MC68HC24 during bus 
cycles in which 1) CS is not asserted, 2) the A12 through A15 
address lines do not match the contents of the INIT register, 
or 3) an internal register is not addressed. 



ADDRESS AND DATA BUS (ADO through AD7) 

Multiplexed bus microprocessors save pins by presenting 
the address during the first portion of the bus cycle and using 
those same pins during the second portion of the bus cycle 
for data. Address and data multiplexing does not slow the 
access time of the MC68HC24 since the bus reversal from 
address to data occurs during the internal register access time. 

The low-order address must be stable (valid) prior to the fall 
of AS at which time the MC68HC24 latches the address present 
on ADO through AD7. If the latched address is decoded, if CS 
is asserted, and if A12 through A15 match the contents of the 
INIT register, a selected register will be accessed. 

Although a 64-byte register block is reserved for the reg- 
isters, only seven of the locations are currently implemented. 
See INTERNAL REGISTER DESCRIPTION for details about 
specific addresses. 

Valid write data must be presented by the MPU/MCU during 
the E high period of the write cycle. In a read cycle, the 
MC68HC24 outputs eight bits of data during the second half 
of the read bus cycle and then ceases driving the bus (returns 
to a high-impedance state) after the falling edge of E. 

HIGH-ORDER ADDRESS (A12 through A15) 

The address lines, A12 through A15, are the nonmultiplexed 
high-order address lines of the MPU/MCU. These signals are 
used internally to establish a partial decoding for the chip 
select. They are latched by the rising edge of the E clock and 
must be stable prior to this edge. A magnitude comparator 
checks the value of these lines against a value stored in the 
INIT register. If they match, CS is asserted, and an internal 
register is addressed, the device will be accessed during the 
current bus cycle. 

PORT B (PBO through PB7) 

Port B (PBO through PB7) is an 8-bit general purpose output 
port. In the simple strobed mode of operation, STRB is pulsed 
for each write to port B. See I/O PORTS for more information. 

PORT C (PCO through PC7) 

Each line of port C is individually programmable as either 
an input or an output via its data direction register (DDRC). 
An I/O pin is an input when its corresponding DDR bit is a 
logic zero and an output when the DDR bit is a logic one. 
Several handshake modes are available on this port (see I/O 
PORTS). 

STROBE A (STRA) 

Strobe A is an edge detecting input used by port C. In the 
simple strobed and input handshake modes of operation, the 
programmed edge on STRA will latch the data on the port C 
inputs into PORTCL. In the output handshake mode, STRA 
is an edge-sensitive acknowledge input signal indicating that 
port C output data has been accepted by the external device. 

STROBE B (STRB) 

While operating in the simple strobed I/O mode, Strobe B 
is a strobe output which pulses for each write to port B. In 
the full handshake mode of parallel I/O, STRB acts as a hand- 
shake output line. The STRB pin is a READY output in the 



MOTOROLA MICROPROCESSOR DATA 
3-1727 



MC68HC24 




input handshake mode, inhibiting the external device from 
strobing new data into port C. In the output handshake mode, 
STRB is again a READY output; however, in this case it in- 
dicates that new data has been written to port C by the mi- 
croprocessor. 

INTERRUPT REQUEST (IRQ) 

The IRQ output pin is an open-drain active-low signal that 
may be used to interrupt the microprocessor with a service 
request. The open drain output allows multiple devices to be 
wire-ORed together. This configuration requires an external 
resistor to Vqq as no internal pullup is provided. 

The MC68HC11 I/O port interrupts share the same vector 
address as IRQ. As a result, an expanded MC68HC11 system 
incorporating an MC68HC24 (to replace the displaced I/O fea- 
tures) will appear to the software as a single chip solution. 
Refer to the INTERNAL REGISTER DESCRIPTION-PIOC 
and I/O PORTS-FULL HANDSHAKE I/O for additional 
information. 

I/O TEST (IOTEST) 

This is a factory test feature and the IOTEST pin must be 
tied directly to Vgs f° r normal operation. 

I/O PORTS 

There are two 8-bit parallel I/O ports on the MC68HC24. 
Port B is a general purpose output-only port, whereas port C 
may be used as general purpose input and/or output pins as 
specified by DDRC. In conjunction with STRA and STRB, 
ports B and C may be used for special strobed and handshake 
modes of parallel I/O as well as general purpose I/O. 

GENERAL PURPOSE I/O (PORT C) 

When used as general purpose I/O signals, each bit has 
associated with it one bit in the PORTC data register and one 
bit in the corresponding position in the data direction register 
(DDRC). The DDRC is used to specify the primary direction 
of data on the I/O pin; however, specification of a line as an 
output does not disable the ability to read the line as a latched 
input. 

When a bit which is configured as an output is read, the 
value returned will be the value at the input to the pin driver. 
When a pin is configured as an input (by clearing the DDRC 
bit) the pin becomes a high-impedance input. When writing 
to a bit that is configured as an input, the value will not affect 
the I/O pin; however, the bit will be stored to an internal latch 
so that if the line is later recognized as an output this value 
will appear at the I/O pin. 

This operation can be used to preset a value for an output 
port prior to configuring it as an output, so that glitches of an 
output state which are not defined for the external system 
may be avoided. Reset configures the port for input by clearing 
both the DDR and the data register. 

FIXED DIRECTION I/O (PORT B) 

Port B is a general purpose output-only port. The data di- 
rection is fixed in order to properly emulate the operation of 
theMC68HC11 portB. Reads of port B return the levels sensed 
at the input of the pin drivers. Write data is stored in an internal 



latch which directly drives the output pin driver. Reset clears 
the data register forcing the outputs low. 

SIMPLE STROBED I/O 

The simple strobed mode of parallel I/O is controlled by the 
parallel I/O control (PIOC) register. This mode is selected when 
the HNDS bit in the PIOC register is clear. This mode forces 
PORTCL to be a strobed input port with the STRA pin used 
as the edge detecting latch command input. Also, port B 
becomes a strobed output port with the STRB pin acting as 
the output strobe. 

Strobed Input Port C 

In this mode, there are two addresses where port C may be 
read — PORTC data register and PORTCL latch register. Even 
when the strobed input mode is selected, one or all of the bits 
in port C may be used as general purpose I/O lines. In other 
words, the DDRC register still controls the data direction of 
all port C pins. 

The STRA pin is used as an edge-detecting input. Either 
falling or rising edges may be specified as the significant edge 
by use of the EGA bit in PIOC. Whenever the selected active 
edge is detected at the STRA pin, the current logic levels at 
port C are latched into the PORTCL register and the strobe A 
flag (STAF) bit in PIOC is set. 

If the STAI bit in PIOC is also set, then an interrupt sequence 
is requested on the IRQ pin. The STAF flag is automatically 
cleared by reading the PIOC register (with STAF set) followed 
by a read of the PORTCL register. Additional active edges of 
STRA continue to latch new data into PORTCL regardless of 
the state of the STAF flag . Consecutive active edges on STRA 
must be a minimum of two E-clock cycles apart. 

Reads of the PORTCL register return the last value latched, 
while reads of PORTC return the static level of the port C pins 
(inputs) or the level at the input to the pin driver (outputs). 

Strobed Output Port B 

In this mode, the STRB pin is a strobe output which is 
pulsed each time there is a write to port B. Data written to 
PORTB is stored in a latch which drives the port B pin drivers. 
Reads of port B return the levels at the inputs of those pin 
drivers. 

The INVB bit in the PIOC register controls the polarity of 
the pulse out of the STRB pin. If the INVB bit is set, the strobe 
pulse will be a high going pulse (two E-clock periods long) on 
a normally low line. If the INVB bit is clear, the strobe pulse 
will be low-going pulse (two E-clock periods long) on a normally 
high line. 

FULL HANDSHAKE I/O 

The full handshake modes of parallel I/O involve port C, 
STRA, and STRB. There are two basic modes (input and 
output) and an additional variation on the output handshake 
mode that allows for three-state operation of port C. In all 
handshake modes, STRA is an edge detecting input and STRB 
is a handshake output line. The effect of DDRC is discussed 
in Input Handshake Protocol, Output Handshake Pro- 
tocol, Three State Variation, and Interaction of Hand- 
shake and General Purpose I/O. 
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Input Handshake Protocol 

In the handshake scheme, port C is a latching input port, 
STRA is an edge-sensitive latch command from the external 
system that is driving port C and STRB is a READY output 
line controlled by logic in the MC68HC24. 

In a typical system, an external device wishing to pass data 
to port C would test the READY line (STRB). When a ready 
condition was recognized, the external device would place data 
on the port C inputs followed by a pulse on the STRA input 
to the MC68HC24. The active edge on the STRA line would 
latch the port C data into the PORTCL register, set the STAF 
flag (optionally causing an interrupt), and deassert the READY 
line (STRB). Deassertion of the READY line would automat- 
ically inhibit the external device from strobing new data into 
port C. Reading the PORTCL latch register, after reading PIOC 
with STAF set, clears the STAF flag. Whenever PORTCL is 
read, the READY (STRB) line is asserted indicating that new 
data may now be strobed into port C. 

The STRB line can be configured (with the PLS control bit) 
to be a pulse output (pulse mode) or a static output (interlocked 
mode). The only difference between the pulse and interlock 
modes is that in pulse mode, the READY line pulses (asserts) 
for only two E-clock periods after the latched data becomes 
available. While in interlock mode, the asserted state of the 
READY line lasts until new data is strobed into port C via the 
STRA input line. 

The port C DDR bits should be cleared (input) for each bit 
that is to be used as a latched input bit. It is, however, possible 
to use some port C bits as latched inputs with the input hand- 
shake protocol and at the same time use other port C bits as 
static inputs and still other port C bits as static output bits. 

The input handshake protocol has no effect on the use of 
port C bits as static inputs or static outputs. Reads of the 
PORTC register always return the static logic level at the port 
C pins (for lines configured as input) or at the inputs to the 
pin drivers (for lines configured as outputs). Data latched into 
PORTCL always reflects the level at the port C pins. Writes 
to either the PORTC address or the PORTCL address will write 
information to the port C output register without affecting the 
input handshake strobes. 

NOTE 

After programming PIOC to enter the input hand- 
shake mode, STRB will remain in the inactive 
state. This precaution has been taken to ensure 
that the external system will not strobe data into 
PORTCL before all intialization is complete. When 
ready to accept data, the MPU/MCU should per- 
form a dummy read of the PORTCL address. This 
operation will assert STRB initiating the input 
handshake protocol. 

Output Handshake Protocol 

In the output handshake scheme, port C is an output port, 
STRB is a READY output, and STRA is an edge-sensitive 
acknowledge input signal indicating that port C output data 
has been accepted by the external device. In a variation of 
this output handshake operation, STRA is used as an output 
enable input as well as an edge-sensitive acknowledge input. 



In a typical system, the controlling processor writes to the 
MC68HC24, placing data in the port C output latch. Stable 
data on the port C pins is indicated by the automatic assertion 
of the MC68HC24 READY (STRB) line. The external device 
then processes the available data and pulses the STRA input 
to indicate that new data may be placed on the port C output 
lines. The active edge on STRA causes the READY (STRB) 
line to be automatically deasserted and the STAF status flag 
to be set (optionally causing an interrupt). In response to STAF 
being set, the program puts out new data on port C as required. 

There are two addresses associated with the port C data 
register, the normal PORTC data address and a second address 
(PORTCL) that accesses the input latch on reads and the 
normal port on writes. On writes to the second address 
(PORTCL), the data goes to the same port output register as 
it would on a write to the PORTC address but the STAF flag 
bit is cleared (provided PIOC was first read with the STAF bit 
set). This allows an automatic clearing mechanism in output 
handshake modes to co-exist with normal port C outputs. 

All eight bits in port C must be used as outputs while the 
output handshake protocol is selected. That is, part of port C 
may not be used for static or latched inputs while the remaining 
bits are being used for output handshake. The following par- 
agraphs cover this limitation in more detail. 

Output Handshake Protocol, Three-State Variation 

There is a variation to the output handshake protocol that 
allows three-state operation of port C. It is possible to directly 
interconnect this 8-bit parallel port to other 8-bit three-state 
devices with no additional external parts. 

The STRA signal is used as an acknowledge/enable input 
whose sense is controlled by the EGA bit in the PIOC register. 
The EGA bit specifies the transition from the asserted to the 
deasserted state of the STRA input signal. If EGA is zero, the 
asserted state is high and falling edges are interpreted as ac- 
knowledge signals. If EGA is one, the asserted state is low 
and rising edges are interpreted as acknowledge signals. 

As long as the STRA input pin is negated, all port C bits 
obey the data direction specified by DDRC. Bits which are 
configured as inputs (DDR bit equals zero) will be high imped- 
ance. When the STRA input is asserted, all port C lines are 
forced to be outputs regardless of the data in DDRC. 

This operation limits the ability to use some port C bits as 
static inputs while using others as handshake outputs. How- 
ever, it does not interfere with the use of some port C bits as 
static outputs while others are being used as three-state hand- 
shake outputs. Port C bits which are to be used as static 
outputs or normal handshake outputs should have their cor- 
responding DDRC bits set. Bits which are to be used as three- 
state handshake outputs should have their corresponding 
DDRC bits clear. 

Interaction of Handshake and General Purpose I/O 

There are two addresses associated with the port C data 
register: the normal PORTC address and a second address 
(PORTCL) that accesses the input latch on reads and the 
normal port on writes. On writes to the second address 
(PORTCL), the data goes to the same port output register as 
it would on a write to the port output address. When operating 
in the output handshake mode, writing to PORTC will not clear 
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the STAF bit whereas writing to PORTCL will clear it. This 
allows an automatic clearing mechanism to co-exist with nor- 
mal port C outputs. 

When full input handshake protocol is specified, both gen- 
eral purpose input and/or general purpose output can co-exist 
at port C. However, the three-state feature of the output hand- 
shake mode interferes with general purpose inputs in two 
ways. 

First, in full output handshake, the port C pins are forced 
to be driven outputs during any period in which STRA is in 
its active state regardless of the state of the DDRC bits. This 
potentially conflicts with any device trying to drive port C 
unless the external device has an open-drain type output driver. 

Secondly, the value returned on reads of port C is the state 
at the inputs to the pin drivers regardless of the state of the 
DDRC bits. This allows data written for output handshake to 
be read even if the pins are in a three-state condition. 

The following is an example of port C being used for full 
input handshake, general purpose input, and general purpose 
output all at the same time. Assume that the PIOC and DDRC 
control registers are set up as follows: 



PIOC-0111 0000 
DDRC-0000 1100 



/STAF/STAI/CWOM/HNDS/ I0IN/PLS/EGA/INVB/ 
/MSB LSB/ 



In this example, port C bits b7 through b4 will be used for 
input handshake, bits b3 and b2 will be used as open-drain 
type general purpose outputs, and bits bO and b1 will be used 
as general purpose inputs. The DDRC register is configured 
such that bits b2 and b3 are outputs and the rest of the port 
C bits are inputs. The PIOC register is configured such that 
full-input handshake is specified (HNDS equals one and OIN 
equals zero). CWOM equals one so any pins in port C which 
are configured as outputs will behave as open-drain type out- 
puts. The other bits in PIOC are not important for the dis- 
cussion of this example. 

When data is latched into PORTCL according to the input 
handshake protocol, all eight bits are captured although only 
the four MSBs are of interest to the input handshake software. 
The data latched into all eight bits of PORTCL will be the levels 
present at port C pins. 

Software driving the bits b2 and b3 general-purpose outputs 
would perform writes to PORTC which would not affect the 
handshake protocol or the latching of data into PORTCL. Data 
written to port C bits bO, b1, and b4 through b7 would also 
be latched into the internal port C output latch but since the 
corresponding DDRC bits are zeros, the corresponding port 
C pins would remain unaffected. 

Bit manipulation and read-modify-write instructions could 
be used on PORTC because reads of PORTC do not affect 
the input handshake functions. Although writes to PORTCL 
would also cause data to be written to port C, this address 
should not be used for general purpose output. This is because 
bit manipulation and read-modify-write instructions read the 
location before writing to it and this read would interfere with 
the input handshake protocol. 



Finally, to use bits 0 and 1 for general purpose inputs, simply 
read PORTC which will return the desired information and will 
not interfere with the input handshake protocol. Note that the 
current state of the port C bits b4 through b7 are also read; 
therefore, even the pins which are being used for input hand- 
shake can be read at any time without disturbing the input 
handshake function. 

INTERNAL REGISTER DESCRIPTION 

A 64-byte address space is reserved for internal register 
access, although not all 64 addresses are used. The ABSO- 
LUTE locations where these addresses will appear are specified 
by the reset initialization software and chip select logic pro- 
vided by the end user (see INIT register). The following list 
summarizes the register mnemonics and their associated ad- 



PARALLEL I/O CONTROL REGISTER 
I/O PORT C 
OUTPUT PORT B 
ALTERNATE LATCHED PORT C 
PORT C DATA DIRECTION REGISTER 

HIGHEST PRIORITY I BIT INTERRUPT AND 

MISCELLANEOUS 

I/O MAPPING REGISTER 

-SPECIFIED BY CHIP SELECT DECODING 
- SPECIFIED BY BITS 0 THROUGH 3 OF THE INIT 
REGISTER 



PARALLEL I/O CONTROL REGISTER (PIOC) 

The PIOC register is an 8-bit read/write register except for 
bit 7 which is a read-only flag bit. 

b7 bB b5 b4 b3 b2 bl bO 

| STAF 1 STAI 1 CWOM | HNDS ] OIN | PLS | EG A | INVB | $u02 

1 RESET 



dresses. 




$xx02 


PIOC 


$xx03 


PORTC 


$xx04 


P0RTB 


$xx05 


PORTCL 


$«07 


DDRC 


$xx3C 


HPRI0 


$xx3D 

n 


INIT 



0 



0 



b7, STAF 



The STAF (strobe A interrupt status flag) bit 
is set when a selected active edge is detected 
by the STRA input pin. If b6 (STAI) is set, 
then an interrupt sequence using the IRQ out- 
put pin will also be requested whenever the 
STAF flag is set. This bit is cleared by reset 
to indicate no interrupt request is pending. 

There is an automatic clearing mechanism on 
this flag bit (STAF) which depends on the 
operating mode selected. There are three 
basic strobed modes (see b4, HNDS and b3, 
OIN). 

When HNDS is zero, the simple strobed mode 
is specified and the OIN bit has no meaning 
or effect. In this mode, the STAF flag is au- 
tomatically set by detection of the selected 
edge on the STRA input pin indicating that 
new data is available in the port C latch. The 
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STAF flag is automatically cleared by a read 
of the PIOC register (with STAF set) followed 
by a read of the PORTCL latch register. 

When HNDS is one and OIN is zero, the input 
handshake mode is specified. In this mode, 
the STAF flag is automatically set by detection 
of the selected edge on the STRA input pin 
indicating that new data is available in the port 
C latch. The STAF bit is automatically cleared 
by a read of the PIOC register (with STAF set) 
followed by a read of the PORTCL latch reg- 
ister. 

When HNDS is one and OIN is one, the output 
handshake mode is specified. In this mode, 
the STAF flag is automatically set by detection 
of the selected edge on the STRA input pin 
indicating that data from port C has been ac- 
cepted by the external system. The STAF flag 
is automatically cleared by a read of the PIOC 
register (with STAF set) followed by a write 
to the PORTCL latch register. 

b6, STAI The STAI (strobe A interrupt enable mask) bit 
is used to specify whether or not a hardware 
interrupt sequence is to be requested when- 
ever STAF is set. To request a hardware in- 
terrupt, both the STAI interrupt enable bit and 
the STAF flag bit must be set. This bit is 
cleared by RESET so that parallel I/O inter- 
rupts are inhibited. The user must write this 
bit to a one in order to use the strobed and 
handshake I/O functions in an interrupt- 
driven, rather than a polled, environment. 

b5, CWOM When the CWOM (port C wire-OR mode) bit 
is zero, the port C output pins operate nor- 
mally. When this bit is set to one, the port C 
outputs behave as open-drain type drivers al- 
lowing wired-OR type external connections. 
When CWOM equals one, the top driver de- 
vice is disabled so that pins may be driven low 
by writing zeros or become three-state by writ- 
ing ones. With an external pull-up resistor, the 
non-driven lines are pulled to logic ones. 

This permits port C output pins to be safely 
wired in parallel with similar CMOS output 
drivers without fear of contentions which 
could otherwise cause destructive latch-up. 
This bit is cleared by RESET so port C pins 
which are configured as outputs will operate 
normally. 

b4, HNDS When HNDS (handshake mode) bit is clear, 
the STRA pin acts as a simple input strobe to 
latch incoming data into the PORTCL latch 
register and the STRB pin acts as a simple 
output strobe that pulses after any write to 
port B. When HNDS is set, it specifies that a 



handshake protocol involving port C, STRA, 
and STRB is in effect. In all modes, STRA is 
an edge-sensitive input and STRB is an out- 
put. This bit is cleared by RESET. The strobe 
and handshake modes are described in greater 
detail in I/O PORTS. 

b3, OIN The OIN (output or input handshake) bit has 

no meaning or effect unless HNDS is set to 
one. When this bit is zero, input handshake 
protocol is specified. When this bit is a one, 
output handshake protocol is specified. See 
I/O PORTS for a more detailed description 
of the handshake protocols. 

b2, PLS The PLS (pulse/interlocked handshake) bit 

has no meaning or effect unless HNDS is set 
to one. When this bit is zero, interlocked hand- 
shake operation is specified. When this bit is 
one, pulse mode handshake operation is spec- 
ified. 

In interlocked modes, the STRB output line, 
once activated, remains active indefinitely un- 
til the selected edge is detected on the STRA 
input line. In pulse modes, the STRB output 
line, once activated, remains active for only 
two MCU E-clock cycles and then automati- 
cally reverts to the inactive state. This bit is 
cleared by RESET. For more details on the 
handshake protocols, see I/O PORTS. 
b1, EGA The EGA (active edge for STRA) bit is used 

to specify which edge (rising or falling) on the 
STRA input pin is to be considered the active 
edge. When this bit is zero, the active edge 
is the falling edge and when this bit is one, 
the active edge is the rising edge. This bit is 
set to one by RESET. 

When output handshake mode is specified, 
this bit is used to control the PORTC three- 
state variation as well as select the active ac- 
knowledge edge. In the three-state variation, 
the EGA bit specifies the trailing edge polarity 
for the STRA input pin which is interpreted 
as the enable/acknowledge signal. Assertion 
of STRA overrides the DDRC specification to 
force port C to be outputs and the edge of 
negation is the active edge acknowledge com- 
mand. 

If EGA is zero, the falling edge at STRA is the 
active edge which causes STAF to be set and 
STRB to be negated. Additionally, if EGA is 
zero, port C bits obey the DDRC specification 
while STRA is low but port C is forced to be 
an output when STRA is high. 

If EGA is one, the rising edge at STRA is the 
active edge. This causes STAF to be set and 
STRB to be negated. In addition, port C bits 
obey the DDRC specification while STRA is 
high, but port C is forced to be an output when 
STRA is low. 
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bO, INVB The INVB (Invert Strobe B) bit is used to spec- 
ify whether or not to invert the normal strobe 
B (STRB) logic output levels. When this bit 
is one, no inversion is specified and the active 
level on the strobe B output line is logic one. 
When this bit is zero, inversion is specified 
and the active level on the strobe B output 
line is logic zero. This bit is set to one by 
RESET so that the STRB output will initially 
be in the low state out of reset. For a more 
detailed description of the handshake proto- 
cols, see the I/O PORTS section. 



PORT C DATA REGISTER (PORTC) 

b7 b6 b5 b4 b3 b2 



bl 



bO 




I PC7 | PC6 I PC5 | PC4 | PC3 | PC2 | PCI | PCO | $xx03 
0 0 0 0 0 0 0 0 RESET 

Port C (PORTC) is a general purpose input/output port 
complemented by full handshake capability. For bits that are 
configured as inputs, reads of this address return the level 
sensed at the pin. For bits configured as outputs, reads return 
the level sensed at the input to the pin driver. When a port C 
pin is being used for the three-state variation of parallel output 
handshake, reads return the level sensed at the input to the 
pin driver even if the DDR bits suggest that the pin is configured 
as an input. 

Writes to port C cause the value to be latched in the 8-bit 
port C data register. (Note that this is not the same register 
as the PORTCL latch register described later.) When the cor- 
responding DDRC bit is set, the value in the port C data register 
is driven out of the port C pin. This data latch allows the 
programmer to initialize the data prior to turning on the output 
drivers by setting bits in the DDRC. The PORTC register is 
cleared by RESET. 



PORT B (PORT B DATA REGISTER) 

b7 b6 b5 b4 b3 b2 bl bO 

I PB7 I PB6 I PB5 I PB4 I PB3 I PB2 I PB1 I PB0 



0 



$xx04 
RESET 



Port B (PORTB) is a general purpose output-only port. Reads 
of this address return the level sensed at the input to the pin 
driver. Writes to Port B cause the value to be latched in the 
8-bit Port B data register. The PORTB register is set to zero 
by RESET. 

PORT C LATCHED DATA REGISTER (PORTCL) 

b7 b6 t>5 b4 b3 b2 bl bO 



PCL7 PCL6 PCL5 PCL4 PCL3 PCL2 PCL1 PCL0 



U 



U 



U 



U 



U 



U 



u 



u 



$xx05 
RESET 



The port C latch register (PORTCL) allows alternate access 
to port C information. This register is used in conjunction with 
the strobed parallel I/O modes. Input data is latched into the 
PORTCL register on each selected edge on the STRA pin. The 
latched data is the level at the pins regardless of the operating 



mode selected. Reads of PORTCL return the contents of the 
port C input latch. Reads also act as part of an automatic flag 
clearing sequence in the input handshake modes of port C. 

Writes to the PORTCL register are equivalent to writes to 
the PORTC register except the PORTCL writes are used as 
part of an automatic flag clearing sequence in the output 
handshake modes of port C. For more information on the port 
C strobed and handshake modes, see I/O PORTS. The con- 
tents of PORTCL are not affected by RESET. 

DATA DIRECTION REGISTER C (DDRC) 

b7 b6 b5 b4 b3 b2 bl bO 

| 0DRC7 | D0RC6 | DDRC5 | DDRC4 | DDRC3 | DDRC2 | DDRC1 | DDRCO | $xx07 
0 0 0 0 0 0 0 0 RESET 

The data direction register C (DDRC) is a read/write register 
used in conjunction with port C to specify the direction of data 
flow at each of the port C pins. A port C pin is an input if the 
corresponding bit in DDRC is zero. The pin is an output if the 
corresponding bit in DDRC is set to one. During reset, all bits 
in the DDRC are cleared to zero. The effects of DDRC are 
overridden in the three-state variation of the output handshake 
mode. For additional information, see I/O PORTS, Output 
Handshake Protocol, Three-State Variation. 

HIGHEST PRIORITY INTERRUPT REGISTER (HPRIO) 

b7 b6 b5 b4 b3 b2 bl bO 



- SM0D 



$xx3C 
RESET 



NOTE 

Reset condition of SMOD and IRV depend on 
initialization mode. 

bl, b5, b3, b2, b1, bO-Not implemented 

These bits are not implemented. Writes have no meaning 
or effect on them. Reads of these bits will always return a 
logic zero value. 

b6, SMOD The SMOD (Special Test Mode) bit is a read 
only bit which reflects the operating mode of 
the peripheral as selected by the MODE input. 
The inverted state of MODE is latched in 
SMOD by the rising edge of RESET. When 
SMOD equals zero (MODE equals one), the 
peripheral is operating in normal mode. When 
SMOD equals one (MODE equals zero), the 
special test mode is selected. 
The special test mode may be exited under 
software control by writing SMOD from a one 
to a zero. However,the special test mode may 
not be reentered by writing the bit back to 
one. This SMOD bit becomes write-protected 
once written to zero. This implies that the 
normal operating mode can be entered either 
through a hardware reset or through software 
while the special test mode may only be en- 
tered through a hardware reset. 



MOTOROLA MICROPROCESSOR DATA 
3-1732 



MC68HC24 



b4, IRV The IRV (Internal Read Visibility) control bit 

eliminates potential bus conflict problems 
when this device is used in conjunction with 
the MC68HC11. To allow a logic analyzer to 
monitor the internal bus activity of the 
MC68HC11, provisions have been made for 
the MPU to selectively drive the external data 
bus during internal reads as well as writes. 
The selection of this feature is controlled by 
the IRV bit. 

The state following reset and the program- 
ming characteristics of the MC68HC24 IRV bit 
are the same as the MC68HC1 1 IRV bit. How- 
ever, the functional characteristics are the op- 
posite. The MC68HC24 IRV functions as 
follows: 

Logic O-Reads of the INIT and HPRIO 
registers will enable the multiplexed ad- 
dress/data buffers, placing the contents of 
the selected register on the bus. 
Logic 1- Reads of the INIT and HPRIO 
registers do nor enable the multiplexed ad- 
dress/data bus drivers. 
This bit may be read at any time, although the 
multiplexed address/data bus will remain 
high-impedance during reads when IRV equals 
one. Only one write will be acknowledged and 
then only if SMOD equals one. The IRV bit is 
forced to zero (reads of HPRIO and INIT en- 
abled) when SMOD is written from a one to 
a zero (entering normal mode). Reset clears 
this bit in the normal mode and sets this bit 
in the special test mode. 



INIT (I/O MAPPING REGISTER) 

b7 b6 b5 b4 b3 b2 



bl 



bO 



REG3 REG2 REG1 REGO 



$xx3D 
RESET 



The INIT (I/O Mapping) register is a special purpose 8-bit 
register that is used (optionally) during initialization to change 
the default locations of the MC68HC24 internal registers in the 
MPU/MCU memory map. The lower four bits of the 
MC68HC24 INIT register are duplicates of the MC68HC1 1 INIT 
register. These four bits are used to specify the active state 
of the four high order address bits to the register address 
decoding logic. This register functions identically to the 
MC68HC1 1 INIT register with the following exceptions: 1 ) only 
the lower four bits are implemented, and 2) the protection 
mechanism is not time dependent. 

The default starting address of the 64-byte internal register 
space is $1x00 (i.e., INIT is initialized to $01). Initialization 
software can move registers to any 4K boundary within the 
memory map. External decoding of A8 through A11 specifies 
where in the 4K block (on 256-byte boundaries) the 64-byte 



register space is located. As an example, assume that the 
initialization software wrote the value $09 to the INlT register 
and that CS was true when A8 through A1 1 were low. This 
would place the registers from $9000 through $903F in the 
memory map. Decoding A8 through A11 so that the chip is 
selected when all four address lines are low maps the 
MC68HC24 registers to the same address as the MC68HC11 
registers. 

The INIT register is special in that there is a write-protect 
mechanism associated with it. In the normal mode, the register 
may be written once at any time after reset. This differs from 
the operation of the MC68HC11 INIT register which becomes 
write protected after the first 64 E-clock cycles, whether or 
not a write to the register has occurred. After the first write, 
the MC68HC24 INIT register becomes write-protected and 
thereafter is a read-only register. 

While in the special test mode (SMOD equals one), the 
protection mechanism is overridden and the INIT register may 
be written repeatedly as long as SMOD remains a one. When 
SMOD is written to a zero (to enter the normal operating 
mode), the write-protect mechanism is enabled. One additional 
write, regardless of the number of writes performed while in 
the special test mode, is allowed after entering normal oper- 
ating mode. Writes to the upper four bits of the INIT register 
have no effect on the register contents and reads will always 
return zeros in the most significant bit positions. 



SYSTEM CONFIGURATION 

The MC68HC24 allows an end user to configure the pe- 
ripheral to his specific MCU system through the use of hard 
wired options such as the mode select pin (MODE) and by the 
use of internal registers under software control. The following 
section describes those options which are fixed through hard- 
ware. Other configuration options, which can be changed 
dynamically, are discussed in the sections entitled I/O PORTS 
and MODES OF OPERATION. 



MODE SELECTION 

A dedicated mode select pin (MODE) determines which of 
two operating modes the MC68HC24 enters out of RESET. 
Both modes properly emulate the action of Ports B and C of 
the MC68HC11. The modes are the normal and special test 
modes. Another dedicated pin (IOTEST) is used to test the 
output buffers. 

The state of the mode select pin (MODE) is latched into the 
peripheral by the rising edge of RESET with the inverse of the 
latched value reflected in the SMOD bit of the HPRIO register. 
Normal mode is indicated by SMOD equals zero (MODE equals 
one). Special Test mode is indicated by SMOD equals one 
(MODE equals zero). The difference between these two modes 
is limited to the operation of the INIT and HPRIO registers. 

The MODE input corresponds to the MODB input of the 
MC68HC11. In normal operation, this special test mode is not 
used, and the mode pin on both the MC68HC11 and the 
MC68HC24 can be tied to Vqd- 
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STATE AFTER RESET 

When a low level is sensed on the RESET pin, the MC68HC24 
enters the reset state. Most of the registers and control bits 
are forced to a specific state during reset and, if a user requires 
a different configuration, he must write the desired values into 
these registers in his initialization software. For detailed in- 
formation about the options available, see INTERNAL REG- 
ISTER DES CRIPTI ON. 

Note that RESET is synchronized to the system clock (E) 
before being used internally. For this reason, RESET must be 
held low for a minimum of two E-clock cycles to be recognized. 
Once recognized, the peripheral is initialized as described be- 
low. 

Most of the configuration state after reset is independent 
of the selected operating mode. The STAF, STAI, and HNDS 
bits in the PIOC register are initialized to zeros so that no 
interrupt is pending or enabled and the simple strobed mode 
(rather than full handshake modes) of parallel I/O is selected. 
The CWOM bit is initialized to zero (Port C not operating in 
wired-OR mode). Port C is initialized as a general purpose, 
high-impedance input port (DDRC equals $00), STRA as an 
edge-sensitive strobe input, and the active edge is initially 
configu red to detect rising edges (EGA bit set to one by 
RESET). The STRB strobe output is initially a zero (INVB bit 
is initialized to one), while Port B is initialized with all outputs 
forced low. 

The SMOD and IRV bits in the HPRIO regi ster refl ect the 
status of the MODE input at the rising edge of RESET. Reset 
also deselects the chip and forces the multiplexed address/ 
data bus to high impedance inputs. 

MODES OF OPERATION 

SPECIAL TEST MODE 

The special test mode is selected with MODE equal to zero 
at the rising of edge of RESET. Initialization into this mode 
loads HPRIO with $50 (SMOD and IRV equal one) and disables 
the INIT register write-protect mechanism. 

While in special test mode (SMOD bit equals one), the INIT 
register write-protect mechanism is overridden and INIT re- 
mains writable as long as SMOD remains one. When SMOD 
is written to a zero (to enter the normal operating mode), the 
write-protect mechanism is enabled. One additional write is 
allowed after entering normal operating mode regardless of 
the number of writes perfomed while in the special test mode. 

The reset state of IRV is one in the special test mode. An 
attempted read of either the INIT or HPRIO register with IRV 
equal to one will leave the data bus in a high impedance state 
with the output buffers disabled. If IRV equals zero, the data 
buffers are enabled and the contents of the selected register 
are placed on the data bus. The IRV bit is writable only one 
time while in the special test mode. Entering the normal mode 
forces the IRV bit to zero, enabling the data bus output buffers 
on reads of these two addresses. Table 1 summarizes the chip 
select options. 



Table 1. MC6SHC24 Chip Select 
Action Summary 



cs 


IRV 


Action Taken 


0 


0 


Chip selected. HPRIO and INIT reads 
enabled. 


0 


1 


Chip selected. HPRIO and INIT reads 
disabled. 


1 


X 


Chip not selected. 



NORMAL MODE 

Normal mode is selected when the MODE input is at a logic 
high level at the rising edge of RESET. The HPRIO register is 
initialized to $00 (SMOD and IRV equal zero). The INIT register 
write-protect mechanism is enabled, allowing only a single 
write to INIT. Reads of both the INIT and HPRIO register enable 
the output buffers, thus providing visibility into the contents 
of these registers. The HPRIO register is write-protected while 
in the normal mode. A reset sequence must be initiated to 
change the contents of this register. 



NOTE 

A write to the INIT register must be included in 
the initialization software whether or not the reg- 
isters are to be relocated. This write will ensure 
that an accidental write to register at a later time 
will not cause the registers to be remapped. THIS 
IS ONE OF THE FUNCTIONAL DIFFERENCES 
BETWEEN THE MC68HC11 PORTS AND THE 
MC68HC24 IMPLEMENTATION. 



MC68HC11 AND MC68HC24 
OPERATIONAL DIFFERENCES 



INIT REGISTER WRITE-PROTECT MECHANISM 

The MC68HC11 INIT register write-protect mechanism au- 
tomatically disables writes to the INIT register 64 E clock cycles 
after the rising edge of RESET. The MC68HC24 write-protect 
circuitry IS NOT TIME DEPENDENT. Only a write to the INIT 
register will disable further writes. Both the MC68HC11 and 
MC68HC24 INIT registers can be written repeatedly in the 
special test mode of operation (see SPECIAL TEST MODE) 
or once in the normal mode. 

This difference dictates that the user should not rely on the 
timeout feature of the MC68HC11 to write-protect the INIT 
register if he plans to utilize the same software with the 
MC68HC24. Instead, a write to the INIT register should be 
done during initialization, even if the remapping feature is not 
going to be used. 
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STRA PULSE WIDTH 

Due to differences in implementation technology, the 
MC68HC24 incorporates an additional level of synchronization 
(over the MC68HC11) on the STRA input. Under normal op- 
erating conditions, the end user will be unaware of this anom- 
aly. Only systems which continually strobe new data into 
PORTCL are affected. 

In order to allow the STRA signal to propagate through the 
internal feedback mechanism, a minimum delay of two E clock 
cycles between active edges has been specified. This delay 
should not concern most users, since the time required to 
acknowledge the receipt of data and to read the data is much 
greater that two cycles. 



STRB SYNCHRONIZATION 

The MC68HC11 synchronizes changes of port B, port C, 
and STRB data to an internal quadrature clock. This method 
of implementation makes internal buffer delays transparent to 
the end user. This internal clock is generated from the 4X 
clock, and as a result, cannot be duplicated by the MC68HC24. 
Port B and port C data are synchronized to the E clock and 
become valid tpwo after the falling edge of E instead of a 
setup time before the falling edge of E. 

The most noticeable change involves STRB. The STRB 
signal is synchronized to the rising edge of E instead of the 
quadrature clock as in the MC68HC11. At slow clock rates 
(much less than 1 MHz), the delay between valid data on the 
port pins and the assertion of STRB could be considerable. 



ORDERING INFORMATION 



Package Type 


Temperature 
Range 


Order Number 


Plastic 
P Suffix 


-40 to +85°C 
-40 to +105°C 
-40 to +125°C 


MC68HC24P 
MC68HC24VP 
MC68HC24MP 


PLCC 
FN Suffix 


-40 to +85°C 
-40 to +105°C 
-40 to + 125°C 


MC68HC24FN 
MC68HC24VFN 
MC68HC24MFN 



PIN ASSIGNMENT 



Quad 



Dual-in-Line 



<<<<° Z 2 ■ 



STRA C 7 
PC0C 8 
PCI C 9 



; . - • 



39 ] RESET 
38 ) ADO 
37 1A01 



I0TEST [ 1 
A15 1 2 
A14I 3 
A13 1 4 
A12C 5 
STRAt 6 
PCOt 7 



401 US 
39 I MODE 
38 1 AS 
37 1 E 
36 1 RJW 

35i reset 

34 p ADO 
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Advance Information 
Dual-Port RAM Memory Unit 

The MCM68HC34 is a dual-port RAM memory (DPM) unit which enables two processors, arbitrar- 
ily referred to a "A" and "B", operating on two separate buses to exchange data without interfering 
with devices on the other bus. It contains 256 bytes of dual-port RAM which is the medium actually 
used for the interchange of data. 

The dual-port memory unit contains six semaphore registers that provide a means for controlling 
access to the dual-port RAM or any other shared resources. It also contains interrupt registers 
which provide a means for the processors to interrupt each other. 

• High-Speed CMOS (HCMOS) Structure 

• Six Read/Write Semaphore Registers 

• 256 Bytes of Dual-Port RAM 

• Eight Address Lines 




FIGURE 1 — BLOCK DIAGRAM 



IRQa 



IRQb 
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This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


vcc 


-0.3 to 7.0 


V 


Input Voltage All Inputs 


V,n 


Vss~03to Vcc + 05 


V 


Operating Temperature 


T A 


0to70 


°c 


Storage Temperature 


T stg 


-55 to 150 


°c 



THERMAL CHARACTERISTICS 



Characteristic 


Symbol 


Value 


Unit 


Thermal Resistance 


BJA 




°C/W 


Cerdip 


60 




Plastic 




100 




PLCC 




60 





This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields, however, it is 
advised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. Unused inputs must be 
tied to an appropriate logic level (either Vcc 
or V$s) to reduce leakage currents and 
increase reliablity. 



FIGURE 2 - BUS TIMING LOAD 



0 5V 



Test Point O 





DC ELECTRICAL CHARACTERISTCS (Vcc = 5.0 Vdc ±5%, Vss = 0 Vdc, Ta = 0°C to 70°C unless otherwise noted) 



Characteristics 


Symbol 


Min 


Max 


Unit 


Input High Voltage (see Note 1) 


VlH 


2.0 


Vcc+03 


V 


Input Low Voltage (see Note 2) 


V|L 


Vss-0.3 


08 


V 


Input Current 










(V ln = 0to Vcc) 


hn 




1.0 


M A 


Output Leakage Current 


ioz 




10 0 


/*A 


Output High Voltage 










('Load = -100 ^A) 


VOH 


24 




V 


dLoad=<10 0/iA) 




vcc-o 1 






Output Low Voltage 










(l Load= 1-6 mA) 


vol 




0.4 


V 


(lLoad=<10 0/ i A) 






0 1 




Current Drain — Outputs Unloaded 










Operating - Ea, Eb=1 MHz, Both Sides Active 


'dd 




30 


mA 


Input Capacitance 


Cm 




10 


PF 


Output Capacitance 










(AD0-AD7 and D0-D7) 


Cout 




12 


PF 



NOTES. 

1. Input high voltage as stated is for all inputs except MODE In the case of MODE, input high voltage is tied to Vcc 
2 Input low voltage as stated is for all inputs except MODE In the case of MODE, input low voltage is tied to Vss or IS floating If floating, 
the voltage will be internally pulled to Vss 
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BUS TIMING (See Notes 1 and 2 and Figure 2) 



Ident 
Number 


Characteristics 


Symbol 


Min 


Max 


Unit 


1 


Cycle Time 


t cyc 


800 




ns 


2 


Pulse Width, E Low 


PWEL 


300 




ns 


3 


ruise width, h nign 


P WEH 


325 




ns 


4 


Input Rise and Fall Time 


tr- tf 




30 


ns 


8 


Read/Write Hold Time 


tRWH 


10 




ns 


9 


Non-Multiplexed Address, Hi Hold Time 


*AH 


10 




ns 


12 


Nnn-Mi iltinlAvoH AHHrocc R^. \/ahH Tima trt PH 
MUM IVlUlll[JICAtJU rtUUIoao, no Vallu 1 IllltJ lO LU 


tAV 


20 






13 


R/(K7 Phin ^plert 9fitnn Timfi 
n/vv, v*ni|j ocio^,l ociu|j lima 


l RWS 


20 






15 




tCH 


o 






18 


RaaH Data WnlH Timo 

neau \ja\a noiu i ime 


l DHR 


20 


75 




21 


Write Data Hold Time 


iDHW 


10 




ns 


24 


Address Setup Time for Latch 


l ASL 


20 




ns 


25 


Address Hold Time for Latch 


tAHL 


20 




ns 


26 


Delay Time E to AS Rise 


<ASD 


60 




ns 


27 


Pulse Width, AS High 


PWASH 


110 




ns 


28 


Address Strobe to E Delay 


tASED 


20 




ns 


30 


Read Data Delay Time 


l DDR 




240 


ns 


31 


Write Data Setup Time 


tDSW 


100 




ns 



NOTES. 

1. Timing numbers relative to one side only. No numbers are intended to be cross-referenced from one side to the other. 

2. Measurement points shown for ac timing are 0 8 V and 2.0 V, unless otherwise specified. 
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BUS TIMING DIAGRAMS 
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SIGNAL DESCRIPTION 

The following paragraphs contain a brief description of 
the input and output signals. 

V C C AND Vss 

These pins supply power to the DPM . Vcc is + 5 volts ± 5% 
and Vss is 0 volts or ground. 

E CLOCK INPUTS (Ea AND Eb) 

These are the input clocks from the respective processors 
and are positive during the latter portion of the bus cycle. 

REGISTER SELECT INPUTS (RSa AND RSb) 

These inputs function as register select inputs. A high on 
the RSa for side A or RSb for side B input allows selection of 
the semaphore and interrupt registers respectively for side A 
and side B by the lower three address bits. A low on RSa or 
RSb selects 256 bytes of RAM from side A or side B respec- 
tively. 

CHIP SELECT INPUTS (CSIa AND CSIb) 

These inputs function as chip select inputs for their 
respective sides. CS1a pnust be low jo_ select side A and 
CS1b must be]ovy to select side B. If CS1a is high, side A is 
deselected. If CS1b is high, side B is deselected. 

MODE SELECT (MODE) 

In normal operation, this pin should always be connected 
to Vcc (MODE= 1). Each side has three states controlled by 
RSa mid CS1a for side A and RSb and CSlb for side B. 

If CS1a is high, side A cannot be accessed. If CS1a is low, 
side A accesses either 256 bytes of RAM or the six 
semaphore registers and the two interrupt registers depen- 
ding on the level of RSa. If RSa is low, 256 bytes of RAM are 
accessed and if RSa is high, the six semaphores and two in- 
terrupt registers are accessed. 

The six semaphore and two interrupt registers are redun- 
dantly mapped in the 256 byte mode. That is, only the low 
order three bits select one of eight registers and the upper 
five bits of address are not decoded. Refer to Table 1. 



TABLE 1 - SIDE A CONTROL SIGNAL OPERATION 



TABLE 2 - SIDE B CONTROL SIGNAL OPERATION 



Mode 


CS1a 


RSa 


Operation 


1 


0 


0 


Access 256 Byte RAM Side A 


1 


0 


1 


Access Semaphore/ fROl Side A 
on Lower Three Bits of Address 


1 


1 


X 


Side A Not Selected 



Mode 


CSTb 


RSb 


Operation 


1 


0 


0 


Access 256 Byte RAM Side B 


1 


0 


1 


Access Semaphore/ ffiO Side B 
on Lower Three Bits of Address 


1 


1 


X 


Side B Not Selected 



INTERRUPT REQUEST OUTPUTS (IRQa AND IRQb) 

These pins are active low open-dram outputs A write to 
address F9 from one side asserts an interrupt, if not masked 
on the other side. A write to address F9 sets this pin low. 

B SIDE ADDRESS BUS INPUTS (A0-A7) AND 
B SIDE BIDIRECTIONAL DATA BUS (D0-D7) 

When the B side is run from a multiplexed bus processor, 
the B side address pins are connected to the B side data 
pins, respectively (AO to DO, A1 to D1, etc.). 



The three states for side B in the 256 byte m ode are con- 
trolled in the manner as side A using RSb and CS1b except 
that side B uses separated address and data inputs. Refer to 
Table 2. 



SYSTEM RESET INPUT (RESET) 

A low level on this input causes the semaphore registers to 
be set to the states shown in Table 5 under SEMAPHORE 
REGISTERS and clears both bits of b oth IRQ registers to 
zeros. The RAM data is unaffected by RESET. 

ADDRESS STROBE INPUTS (ASa AND ASb) 

The ASa input demultiplexes the eight low order address 
lines from the data lines on the A side. The falling edge of 
ASa latches the A side address within the DPM. The ASb in- 
put is used in the same manner when the B side is connected 
to a multiplexed bus. It must be connected to a high level 
when the B side is connected to a non-multiplexed bus. 

A SIDE MULTIPLEXED ADDRESS/ 
BIDIRECTIONAL DATA BUS (AD0-AD7) 

The A side can only be used with a multiplexed ad- 
dress/data bus. The A side addresses are on these lines dur- 
ing the time ASa is high. The lines are used as bidirectional 
data lines during the time Ea is high. 



DUAL-PORT RAM 

The dual-port memory unit contains 256 bytes of dual-port 
RAM that is accessed from either processor. It is selected in 
either case by eight address lines, register select, and chip 
select inputs. The direction of_data transfer is controlled by 
the respective read/write (R/Wa or R/Wb) line. The dual- 
port RAM enables the processors to exchange data without 
interfering with devices on the other bus. 

Simultaneous accesses by both sides of different locations 
of dual-port RAM will cause no ambiguities. Simultaneous 
reads by both sides of the same dual-port RAM location 
gives the proper data to both sides. On a simultaneous write 
and read of the same location, the data written is put into 
RAM but the data read is undefined. Simultaneous writes to 
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the same RAM location result in undefined data being 
stored. Thus, simultaneous writes and simultaneous write 
and read to the same location should be avoided. The 
semaphore registers provide a tool for determining when the 
shared RAM is available. 



SEMAPHORE REGISTERS 

The dual-port memory unit contains six read/write 
semaphore registers. Only two bits of each register are used. 
Bit 7 is the semaphore (SEM) bit and bit 6 is the ownership 
(OWN) bit. The remaining six bits will read all zeros. 

Each semaphore register is able to arbitrate simultaneous 
accesses to it. The semaphore register bits provide a 
mechanism for controlling accesses to the shared RAM but 
there are no hardware controls of the dual-port RAM by the 
semaphore registers. 

Table 3 is the truth table for when a semaphore register is 
accessed by one of the processors. When a semaphore 
register is written, the actual data written is disregarded but 
the SEM bit is set to zero. When the register is read, the 
resulting SEM bit is one (for the next read). The data obtain- 
ed from the read is interpreted as: SEM bit equals 
zero — resource available, SEM bit equals one - resource 
not available. 

TABLE 3 - ONE PROCESSOR SEMAPHORE BIT TRUTH TABLE 



Original 




Data 


Resulting 


SEM Bit 


R/W 


Read 


SEM Bit 


0 


R 


0* 


1 


1 


R 


r 


1 


0 


W 




0 


1 


W 




0 



0= Resource Available 
1 = Resource Not Available 

Table 4 shows the truth table if both processors read 
or read and write the same semaphore register at the 
same time. The A processor always reads the actual 
SEM bit. The B processor reads the SEM bit except 
during the simultaneous read of a clear SEM bit. This 
ensures that during a simultaneous read, only the A 
processor reads a clear SEM bit and therefore has prior- 
ity to the shared RAM. 

TABLE 4 - SIMULTANEOUS ACCESS OF OF SEMAPHORE 
REGISTER TRUTH TABLE 



Original 


A Processor 


B Processor 


Resulting 


SEM Bit 


R/W 


Data Read 


R/W 


Data Read 


SEM Bit 


0 


R 


0* 


R 


1* 


1 


1 


R 


1* 


W 




0 


1 


W 




R 


1* 


0 


1 


R 


? 


R 


1* 


1 



except the second semaphore register which is owned by the 
B processor. 

TABLE 5 - RESET STATE OF SEMAPHORE REGISTERS 



Semaphore 










Register 


A Processor 


B Processor 


Number 


SEM Bit 


OWN Bit 


SEM Bit 


OWN Bit 


1 




1 




0 


2 




0 




1 


3 




1 




0 


4 




1 




0 


5 




1 




0 


6 




1 




0 



A state diagram for a semaphore register is shown in 
Figure 3. 



FIGURE 3 - STATE DIAGRAM FOR SEMAPHORE REGISTER 




Available 



In Use 



•0= Resource Available 
1 = Resource Not Available 



NOTES 

1 Writes to a semaphore register are valid only if SEM = 1 
and OWN = 1 

2 When A and B simultaneously read a semaphore register, 
the hardware handles it as a read by A followed by a read 
by B 



The ownership bit is a read-only bit that indicates which 
processor last set the SEM bit. The OWN bit is set to a one 
whenever the SEM bit is set from zero to one The OWN bit 
as read by one processor is the complement of the bit read 
by the other processor. 

The reset state of the semaphore registers is defined in 
Table 5. The A processor owns all of the semaphore registers 



INTERRUPT REGISTERS 

The dual-port memory unit contains two addressable 
locations at F8 and F9 on both sides that control the interrupt 
(IRQ) operation between the processors. Although there is 
only one hardware register for each side, for purposes of 
explanation the register accessed at location F8 is referred to 
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as the IRQX status register and the register accessed at 
location F9 is referred to as the IRQX control register (refer to 
Table 6). The registers each consisting of two bits have 
identical bit arrangements. Bit 6 is the enable bit and bit 7 is 
the flag bit. Th e other s ix bits are not used and always read 
as zero. When RESET is asserted, both bits are cleared to 
zero. 

Table 7 summarizes the bits involved when reading or 
writing to the status or control registers at F8 or F9. The 
enable bits on either side (A or B) track the data that is 
written into the status register from that side. Writes to the 
control register do not alter data. The actual data written is 
disregarded but the action sets the flag bit in the other side's 
register and asserts an interrupt signal if enabled. 

The following describes how the B side interrupt is 
asserted from the A side. The A side interrupt is controlled in 
a similar manner. 

When the enable bit in the IRQb status register is set (bit 
6= 1), a write to IRQa control register sets the flag bit in the 
IRQb status register (bit 7=1) and causes an interrupt on the 
B side by setting the IRQb pin low. Reading the IRQb status 



register reads the state of the B side enable and flag bits. 
Reading the IRQb control register also reads the enable and 
flag bits but in addition, clears the B side flag bit (bit 7 = 0) 
and clears the B side interrupt by removing the low condition 
on the IRQb pin. 

The enable bit in the IRQb status register (bit 6) is changed 
by writing the proper data to bit 6 of the IRQb status register. 
If the B side enable bit is zero, interrupts are prevented on 
the B side. However, a write to the IRQa control register still 
sets the B side flag bit. 

INTERNAL REGISTER ADDRESSES 

Table 8 shows the address of the RAM, TRQ", and 
semaphore registers. The addresses to these registers are the 
same whether accessed from the A or B side. The address 
and data buses are multiplexed on the A side. The B side has 
separate address and data buses. The B side can be used on 
a multiplexed bus by connecting the corresponding address 
and data bit pins together (AO to DO, A1 to D1, etc.) and 
using the B side address strobe input pin. 




TABLE 6 - IRQ REGISTERS 



Location 


Register Name 


Bit 7 


Bit 6 


Bits 5 to 0 


A Side F8 


IRQa Status 


Flag 


Enable 


Not Used 


A Side F9 


IRQa Control 


Flag 


Enable 


Not Used 


B Side F8 


IRQb Status 


Flag 


Enable 


Not Used 


B Side F9 


IRQb Control 


Flag 


Enable 


Not Used 



TABLE 7 - INTERRUPT OPERATION 



Operation 


Action Taken 


A Reads IRQa Status at F8 
A Writes IRQa Status at F8 
A Reads IRQa Control at F9 
A Writes IRQa Control at F9 
B Reads IRQb Status at F8 
B Writes IRQb Status at F8 
B Reads IRb Control at F9 
B Writes IRQb Control at F9 


Read EA and FA 
Writes to EA 

Read EA and FA; Clear FA 
Set FB; Assert IRQB if Enabled 
Read EB and FB 
Writes to EB 

Read EB and FB; Clear FB 
Set FA; Assert IRQA if Enabled 



F8 and F9 are Address Locations 

EA and FA are A Side Enable and Flag Bits 

EB and FB are B Side Enable and Flag Bits 



TABLE 8 - REGISTER LOCATIONS 



RS 


Address 


Register Name 


0 


00-FF 


Dual Ported RAM 


1 


00-07 


IRQ and Semaphore 


1 


08-OF 


IRQ and Semaphore 


1 


10-17 


IRQ and Semaphore 


1 


18-1 F 
• 


IRQ and Semaphore 


1 


• 
• 


IRQ and Semaphore 


1 


E0-E7 


IRQ and Semaphore 


1 


E8-EF 


IRQ and Semaphore 


1 


F0-F7 


IRQ and Semaphore 


1 


F8-FF 


IRQ and Semaphore 



Where. 

X is 0 through F of the upper four bits 
of the address (note that only the lower 
three bits of the address are decoded): 
X0 and X8 IRQa or IRQb Status 
X1 and X9 IRQa or IRQb Control 
X2 and XA Semaphore 1 
X3 and XB Semaphore 2 
X4 and XC Semaphore 3 
X5 and XD Semaphore 4 
X6 and XE Semaphore 5 
X7 and XF Semaphore 6 
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ORDERING INFORMATION (T A = 0° to 70 C) 



Package Type 


Order Number 


Cerdip 


MCM68HC34S 


S Suffix 




Plastic 


MCM68HC34P 


P Suffix 




PLCC 


MCM68HC34FN 


FN Suffix 





PIN ASSIGNMENT 



vcc[ 1 



RESET[ 2 
CSla[3 
Ea[4 
RSa [ 5 
R/Wa [ 6 
ASa[ 7 
MODE [8 
ADO [9 
AD1 [ 10 
AD2[ 11 
AD3[ 12 
AD4 [ 13 
AD5[ 14 
AD6[ 15 
AD7 [ 16 
iRQi[ 17 
V SS [18 
IRQb [ 19 
DO [20 



40 ]CS1b 



39 ] 



38 ] 
37 ] 
36P 
35 
34 
33h 
32 ] 



30 ] 
29 ] 
28] 
27] 
26 ] 
25] 
24] 
23 ] 
22 ] 



21 ] 



Eb 
RSb 
R/Wb 
ASb 
]A0 
]A1 
A2 
A3 
] A4 
A5 
A6 
A7 
D7 
D6 
D5 
D4 
D3 
D2 
D1 
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Programmable Timer Module (PTM) 

The MC6840 is a programmable subsystem component of the M6800 Family designed to provide 
variable system time intervals. 

The MC6840 has three 16-bit binary counters, three corresponding control registers, and a status 
register. These counters are under software control and may be used to cause system interrupts 
and/or generate output signals. The MC6840 may be utilized for such tasks as frequency measure- 
ments, event counting, interval measuring, and similar tasks. The device may be used for square 
wave generation, gated delay signals, single pulses of controlled duration, and pulse width modula- 
tion as well as system interrupts. 

• Operates from a Single 5-Volt Power Supply 

• Fully TTL Compatible 

• Single System Clock Required (Enable) 

• Selectable Prescaler on Timer 3 Capable of 4 MHz for the MC6840, 6 MHz for the MC68A40 
and 8 MHz for the MC68B40 

• Programmable Interrupts (IRQ) Output to MPU 

• Readable Down Counter Indicates Counts to Go Until Time-Out 

• Selectable Gating for Frequency or Pulse-Width Comparison 

• RESET Input 

• Three Asynchronous External Clock and Gate/Trigger Inputs Internally Synchronized 

• Three Maskable Outputs 



MC6840 



This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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POWER CONSIDERATIONS 

The average chip-junction temperature, Tj, in °C can be obtained from: 

Tj = T A + (P D .6 JA ) (1) 

where: 

T A = Ambient Temperature, °C 

8j A = Package Thermal Resistance, Junction-to-Ambient, °C/W 
P D = p INT + p PORT 

P INT = 'CC x ^CC' Watts — Chip Internal Power 

PpORj = Port Power Dissipation, Watts — User Determined 

For most applications PpORT <p INT anc ' can be neglected. PpORT mav become significant if the device is configured 
to drive Darlington bases or sink LED loads. 
An approximate relationship between Pq and Tj (if PpoRT ' s neglected) is: 

P D = K-(Tj + 273°C) (2) 

Solving equations (1) and (2) for K gives: 

K = P D -(T A + 273 0 C) + ej A -P D 2 (3) 
where K is a constant pertaining to the particular part. K can be determined from equation (3) by measuring Pq (at 
equilibrium) for a known T A . Using this value of K, the values of Pq and Tj can be obtained by solving equations 
(1) and (2) iteratively for any value of T A 
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MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


vcc 


- 0 3 to +70 


V 


Input Voltage 


V,n 


- 0 3 to +70 


V 


Operating Temperature Range — Tl to Th 
MC6840, MC68A40. MC68B40 
MC6840C, MC68A40C 


t a 


0 to +70 
-40 to +85 


°C 


Storage Temperature Range 


T stg 


-55 to +150 


°C 


THERMAL CHARACTERISTICS 


Characteristic 


Symbol 


Value 


Unit 


Thermal Resistance 
Cerdip 
Plastic 


OJA 


65 
100 


°C/W 



This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields, however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit For proper operation it is 
recommended that V m and V ou t be con- 
strained to the range Vsss(V, n or V out ) 
< V(x Reliability of operation is enhanced if 
unused inputs are tied to an appropriate logic 
voltage level (e g , eitner V$s or Vrjc' 



DC ELECTRICAL CHARACTERISTICS (V cc = 5 0 Vdc ±5%, Vss = 0- Ta = Tl to T H unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Input High Voltage 


V|H 


Vss+20 




vcc 


V 


Input Low Voltage 


V|L 


Vss-03 




Vss+08 


V 


Input Leakage Current (V, n = 0 to 5 25 V) 


l.n 




1 0 


2.5 


M A 


Hi-Z (Off State) Input Current (V| n = 0 5 to 2 4 V) 


D0-D7 


ITSI 




2 0 


10 


fA 


Output High Voltage 














(I Load = -205,. A) 


D0-D7 


VOH 


Vss+24 






V 


1 1 Load = -200^A) 


Other Outputs 




Vss + 2 4 








Output Low Voltage 














< l Load=1 6 mA) 


IRQ", D0-D7 


vol 






Vss+04 


V 


< l Load = 3 2 mA) 


01-03 








VSS+04 




Output Leakage Current (Off State) (Vqh = 2 4 V) 


IRQ 


lLOH 




1 0 


10 


HA 


Internal Power Dissipation (Measured at Ta=Tl) 


pint 




470 


700 


mW 


Input Capacitance 














(V ln = 0, TA = 25°C,f=1 0MHz) 


D0-D7 


Cm 






12 5 


PF 




All Others 








7 5 




Output Capacitance 














(V ln = 0, TA = 25°C,f=1 0MHz) 


IRQ 


Cout 






50 


pF 




01. 02. 03 








10 





AC OPERATING CHARACTERISTICS (See Figures 2-7) 



Characteristic 


Symbol 


MC6840 


MC68A40 


MC68B40 


Unit 


Mm 


Max 


Min 


Max 


Min 


Max 


Input Rise and Fall Times 
(Figures 4 and 5) C, 5, and RESET 


'r. tf 




1 o- 




0 666* 




0 500* 


MS 


Input Pulse Width Low (Figure 2) 

(Asynchronous'lnput) 
C, G, and RESET 


PW L 


'cycE + 'su + 'hd 




'cycE + 'su + 'hd 




'cycE + 'su + 'hd 




ns 


Input Pulse Width High (Figure 3) 
(Asynchronous Input) C", "G" 


PW H 


'cycE + 'su + 'hd 




'cycE + 'su + 'hd 




'cycE + tsu + thd 




ns 


Input Setup Time (Figure 4) 

(Synchronous Input) 
C, G, and RESET 


'su 


200 




120 




75 




ns 


Input Hold Time (Figure 4) 

(Synchronous Input) 
C, G, and RESET 


'hd 


50 




50 




50 




ns 


Input Synchronization Time (Figure 7) 

C3 ( + 8 Prescaler Mode Only) 


'sync 


250 




200 




175 




ns 


Input Pulse Width 
C3 ( + 8 Prescaler Mode Only) 


PW L , PWh 


120 




80 




60 




ns 


Output Delay, 01-03 (Figure 5) 

(Vqh = 2 4 V, Load B) TTL 
(Vqh = 2 4 V, LoadD) MOS 
(Voh = 0 7 V DD , Load D) CMOS 


'co 
'cm 
'cmos 




700 
450 
2 0 




460 
450 
1 35 




340 
340 
1 0 


ns 
ns 

(iS 


Interrupt Release Time (Figure 6) 


'IR 




1 2 




09 




0 7 


MS 



*t r and tf£t C y C E 
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BUS TIMING CHARACTERISTICS (See Notes 1, 2, and 3) 



Number 


Characteristic 


Symbol 


MC6840 


MC68A40 


MC68B40 


Unit 




Max 


Min 


Max 




Max 


1 


Cycle Time 


'eye 


1 0 


10 


0 67 


10 


0 5 


10 


uS 


2 


Pulse Width. E Low 




430 


9500 


280 


9500 


210 


9500 


ns 


3 


Pulse Width. E High 


PW EH 


450 


9500 


280 


9500 


220 


9500 


ns 


4 


Clock Rise and Fall Time 


tr. tf 




25 




25 




20 


ns 


9 


Address Hold Time 


'AH 


10 




10 




10 




ns 


13 


Address Setup Time Before E 


'AS 


80 




60 




40 




ns 


14 


Chip Select Setup Time Before E 


tcs 


80 




60 




40 




ns 


15 


Chip Select Hold Time 


'CH 


10 




10 




10 




ns 


18 


Read Data Hold Time 


'DHR 


20 


50" 


20 


50' 


20 


50- 


ns 


21 


Write Data Hold Time 


'DHW 


10 




10 




10 




ns 


30 


Peripheral Output Data Delay Time 


'DDR 




290 




180 




150 


ns 


31 


Peripheral Input Data Setup Time 


'DSW 


165 




80 




60 




ns 



'The data bus output buffers are no longer sourcmg or sinking current by trjHR max (High Impedance) 
NOTES. 

1. Not all signals are applicable to every part 

2. Voltage levels shown are V[_s0 4 V, V|-|a2 4 V, unless otherwise specified 
3 Measurement points shown are 0 8 V and 2 0 V, unless otherwise specified 



FIGURE 1 - BUS TIMING 




FIGURE2- INPUT PULSE WIDTH LOW FIGURE3 — INPUT PULSE WIDTH HIGH 
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FIGURE4 — INPUT SETUP AND HOLD TIMES 

r 

-A t... / 



'hd 



C1-C3. G1-G3, 



FIGURE 5 - OUTPUT DELAY 



FIGURES — IRQ RELEASE TIME 



~7a 

■ 'co- 

/ . 

1 /f"™ — l cmos 



tcmos = 0 7 X V CC 



'|R 



FIGURE 7 - C3 INPUT SYNCHRONIZATION TIME (-8 PRESCALER MODE ONLY) 

Cycle N + 1 



Enable 




Transitions Processed During N 



Transitions Processed During N + 1 TX 



Load A 
(D0-D7) 



FIGURE 8 - BUS TIMING TEST LOADS 

Load B 
(01.02.03) 
(TTL Load) 



Load C 
(IRQ Only) 



Test Point O- 



130 pF ^ 2 1 1 7 k 



1 5 0 V 

; R L = 2 5 k 

MMD6150 TestPoint ^ 
or Eguiv/ 

40 pF 

MMD 7000 
or Equiv 



' V CC °* dewice under test 

: R L = 1.25 k 

, MMD6150 

or Equiv 



MMD7000 

or Equi» 



Load D 
(01,02,03) 
(CMOS Load) 

(MOS) 



Test Point O- 



NOTE Timing measurements are referenced to and from a low voltage of 0 8 volts and a high voltage of 2 0 volts, unless otherwise noted 
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DEVICE OPERATION 



The MC6840 is part of the M6800 microprocessor family 
and is fully bus compatible with M6800 systems. The three 
timers in the MC6840 operate independently and in several 
distinct modes to fit a wide variety of measurement and syn- 
thesis applications. 

The MC6840 is an integrated set of three distinct 
counter/timers It consists of three 16-bit data latches, 
three 16-bit counters (clocked independently), and the 
comparison and enable circuitry necessary to implement 
various measurement and synthesis functions In addition, it 
contains interrupt drivers to alert the processor that a par- 
ticular function has been completed. 

In a typical application, a timer will be loaded by first stor- 
ing two bytes of data into an associated Counter Latch. This 
data is then transferred into the counter via a Counter In- 
itialization cycle. If the counter is enabled, the counter 
decrements on each subsequent clock period which may be 
an external clock, or Enable (E) until one of several predeter- 
mined conditions causes it to halt or recycle. The timers are 
thus programmable, cyclic in nature, controllable by external 
inputs or the MPU program, and accessible by the MPU at 
any time. 

BUS INTERFACE 

The Programmable Timer Module (PTM) interfaces to the 
M6800 Bus with an 8-bit bidirectional data bus, two Chip 
Select lines, a Read/Write line, a clock (Enable) line, and In- 
terrupt Request line, an external Reset line, and three 
Register select lines. VMA should be utilized in conjunction 
with an MPU address line into a Chip Select of the PTM 
when using the MC6800/6802/6808 

BIDIRECTIONAL DATA (D0-D7) - The bidirectional data 
lines (D0-D7) allow the transfer of data between the MPU 
and PTM. The data bus output drivers are three-state 
devices which remain in the high-impedance (off) state ex- 
cept when the MPU performs a PTM read operation 
(Read/Write and Enable lines high and PTM Chip Selects ac- 
tivated) 

CHIP SELECT (CSO, CS1) - These two signals are used 
to activate the Data Bus interface and allow transfer of data 
from the PTM. With CS0 = 0 and CS1 = 1, the device is 
selected and data transfer will occur 

READ/WRITE (R/W) - This signal is generated by the 
MPU to control the direction of data transfer on the Data 
Bus. With the PTM selected, a low state on the PTM R/W 
line enables the input buffers and data is transferred from the 
MPU to the PTM on the trailing edge of the E (Enable) clock 
Alternately, (under the same conditions) R/W=1 and 
Enable high allows data in the PTM to be read by the MPU 

ENABLE (E CLOCK) - The E clock signal synchronizes 
data transfer between the MPU and the PTM. It also per- 
forms an equivalent synchronization function on the external 
clock, reset, and gate inputs of the PTM. 

INTERRUPT REQUEST (IRQ) - The active low Interrupt 
Request signal is normally tied directly (or through priority in- 
terrupt circuitry) to the IRQ input of the MPU. This is an 



"open dram" output (no load device on the chip) which per- 
mits other similar interrupt request lines to be tied together in 
a wire -OR configuration 

The IRQ line is activated if, and only if, the Composite In- 
terrupt Flag (Bit 7 of the Internal S tatus Register) is asserted 
The conditions under which the IRQ line is activated are 
discussed in conjunction with the Status Register. 



RESET - A low level at this input is clocked into the PTM 
by the E (Enable) input Two Enable pulses are required to 
synchronize and process the signal The PTM then 
recognizes the activ e "low " or inactive "high" on the third 
Enable pulse If the RESET signal is asynchronous, an addi- 
tion al Enabl e period is required if setup times are not met 
The RESET input must be stable High/Low for the minimum 
time stated in the AC Operating Characteristics 

Recognition of a low level at this input by the PTM causes 
the following action to occur 

a All counter latches are preset to their maximum count 
values 

b All Control Register bits are cleared with the exception 
of CR10 (internal reset bit) which is set 

c. All counters are preset to the contents of the latches 

d. All counter outputs are reset and all counter clocks are 
disabled 

e. All Status Register bits (interrupt flags) are cleared 

REGISTER SELECT LINES (RSO, RS1_^RS2) - These in- 
puts are used in conjunction with the R/W line to select the 
internal registers, counters and latches as shown in Table 1 

NOTE 

The PTM is accessed via MPU Load and Store operations 
in much the same manner as a memory device. The instruc- 
tions available with the M6800 family of MPUs which per- 
form read-modify-write operations on memory should not be 
used when the PTM is accessed. These instructions actually 
fetch a byte from memory, perform an operation, then 
restore jtto the same address location. Since the PTM uses 
the R/W line as an additional register select input, the 
modified data will not be restored to the same register if 
these instructions are used. 

CONTROL REGISTER 

Each timer in the MC6840 has a corresponding write-only 
Control Register Control Register #2 has a unique address 
space (RS0=1, RS = 0, RS2 = 0) and therefore may be writ- 
ten into at any time The remaining Control Registers (#1 and 
#3) share the Address Space selected by a logic zero on all 
Register Select inputs 

CR20 - The least significant bit of Control Register #2 
(CR20) is used as an additional addressing bit for Control 
Registers #1 and #3. Thus, with all Register selects and R/W 
inputs at logic zero. Control Register #1 will be written into if 
CR20 is a logic one. Under the same c ondition s, Control 
Register #3 can also be written into after a RESET low condi- 
tion has occurred, since all control register bits (except 
CR10) are cleared. Therefore, one may write in the sequence 
CR3, CR2, CR1 
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TABLE 1 - REGISTER SELECTION 



Register 
Select Inputs 


Operations 


RS2 


RS1 


RSO 


R/W = 0 


R/W = 1 


0 


0 


0 


CR20 = 0 Write Control Register #3 
CR20 = 1 Write Control Register #1 


No Operation 


0 


0 


1 


Write Control Register #2 


Read Status Register 


0 


1 


0 


Write MSB Buffer Register 


Read Timer #1 Counter 


0 


1 


1 


Write Timer #1 Latches 


Read LSB Buffer Register 


1 


0 


0 


Write MSB Buffer Register 


Read Timer #2 Counter 


1 


0 


1 


Write Timer #2 Latches 


Read LSB Buffer Register 


1 


1 


0 


Write MSB Buffer Register 


Read Timer #3 Counter 


1 


1 


1 


Write Timer #3 Latches 


Read LSB Buffer Register 




CR10 - The least significant bit of Control Register #1 is 
used as an Internal Reset bit. When this bit is a logic zero, all 
timers are allowed to operate in the modes prescribed by the 
remaining bits of the control registers Writing a "one" into 
CR10 causes all counters to be preset with the contents of 
the corresponding counter latches, all counter clocks to be 
disabled, and the timer outputs and interrupt flags (Status 
Register) to be reset. Counter Latches and Control Registers 
are undisturbed by an Internal Reset and may be written into 
regardless of the state of CR10 

The least signifcant bit of Control Register #3 is used as a 
selector for a -8 prescaler which is available with Timer #3 
only The prescaler, if selected, is effectively placed between 



the clock input circuitry and the input to Counter #3. It can 
therefore be used with either the internal clock (Enable) or an 
external clock source 

NOTE 

When initializing Timer 3 into the divide-by-eight mode on 
consecutive E-cycles (i.e., with DMA), Control Register 3 
must be initialized before Timer Latch #3 to insure proper 
timer initialization. 

CR30 - The functions depicted in the foregoing discus- 
sions are tabulated in Table 2 for ease of reference. 



TABLE 2 - CONTROL REGISTER BITS 



CRX7 


Timer tX Counter Output Enable 


0 


TX Output masked on output OX 


1 


TX Output enabled on output OX 



CRX6 


Timer #X Interrupt Enable 


0 


Interrupt Flag masked on IRQ 


1 


Interrupt Flag enabled to lTTQ" 




CRX5 


CRX4 


CRX3 


Timer IX Counter Mode and Interrupt Control (See Table 3) 



Control Register X 



zz 





• 


5 


4 




> 


< 





z 



X=1, 2 or 3 



CRX2 
0 
1 


Timer #X Counting Mode Control 

TX configured for normal (16-bit) counting mode 

TX configured for dual 8-bit counting mode 














CRX1 
0 
1 


Timer #X Clock Source 

TX uses external clock source on CX input 

TX uses Enable clock 



CR10 Internal Reset Bit 

0 All timers allowed to operate 

1 All timers held in preset state 


CR20 Control Register Address Bit 

0 CRI3 may be written 

1 CB# 1 may be written 


CR30 Timer #3 Clock Control 

0 T3 Clock is not prescaled 

1 T3 Clock is prescaled by +8 


X=1 


X = 2 


X = 3 
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Control Register Bits CR10, CR20, and CR30are unique in 
that each selects a different function. The remaining bits (1 
through 7) of each Control Register select common func- 
tions, with a particular Control Register affecting only its cor- 
responding timer. 

CRX1 - Bit 1 of Control Register #1 (CR11) selects 
whether an internal or external clock source is to be used 
with Timer #1. Similarly, CR21 selects the clock source for 
Timer #2, and CR31 performs this function for Timer #3 The 
function of each bit of Control Register "X" can therefore be 
defined as shown in the remaining section of Table 2. 

CRX2 - Control Register Bit 2 selects whether the binary 
information contained in the Counter Latches (and subse- 
quently loaded into the counter) is to be treated as a single 
16-bit word or two 8-bit bytes. In the single 16-bit Counter 
Mode ICRX2 = 0) the counter will decrement to zero after 
N + 1 enabled (G = 0) clock periods, where N is defined as the 
16-bit number in the Counter Latches. With CRX2=1, a 
similar Time Out will occur after (L+ 1)«(M+ 1) enabled 
clock periods, where L and M, respectively, refer to the LSB 
and MSB bytes in the Counter Latches. 

CRX3-CRX7 - Control Register Bits 3, 4, and 5 are ex- 
plained in detail in the Timer Operating Mode section. Bit 6 is 
an interrupt mask bit which will be explained more fully in 
conjunction with the Status Register, and bit 7 is used to 
enable the corresponding Timer Output. A summary of the 
control register programming modes is shown in Table 3. 



STATUS REGISTER/INTERRUPT FLAGS 

The MC6840 has an internal Read-Only Status Register 
which contains four Interrupt Flags. (The remaining four bits 
of the register are not used, and defaults to zeros when be- 
ing read.) Bits 0, 1 , and 2 are assigned to Timers 1 , 2, and 3, 
respectively, as individual flag bits, while Bit 7 is a Composite 
Interrupt Flag. This flag bit will be asserted if any of the in- 
dividual flag bits is set while Bit 6 of the corresponding Con- 
trol Register is at a logic one. The conditions for asserting 
the composite Interrupt Flag bit can therefore be expressed 
as: 

INT=I1.CR16+I2.CR26+I3.CR36 

where INT= Composite Interrupt Flag (Bit 7) 
11 = Timer #1 Interrupt Flag (BitO) 
12= Timer #2 Interrupt Flag (Bit 1) 
13= Timer #3 Interrupt Flag (Bit 2) 



An interru pt flag i s cleared by a Timer Reset condition, 
i.e.. External RESET = 0 or Internal Reset Bit (CR10)=1. It 
will also be cleared by a Read Timer Counter Command pro- 
vided that the Status Register has previously been read while 
the interrupt flag was set. This condition on the Read Status 
Register-Read Timer Counter (RS-RT) sequence is designed 
to prevent missing interrupts which might occur after the 
status register is read, but prior to reading the Timer 
Counter. 

An Individual Interrupt Flag is also cleared by a Write 
Timer Latches (W) command or a Counter Initialization (CI) 
sequence, provided that W or CI affects the Timer cor- 
responding to the individual Interrupt Flag 

COUNTER LATCH INITIALIZATION 

Each of the three independent timers consists of a 16-bit 
addressable counter and a 16-bit addressable latch. The 
counters are preset to the binary numbers stored in the latch- 
es Counter initialization results in the transfer of the latch 
contents to the counter. See notes in Table 4 regarding the 
binary number N, L, or M placed into the Latches and their 
relationship to the output waveforms and counter Time- 
Outs 

Since the PTM data bus is 8-bits wide and the counters are 
16-bits wide, a temporary register (MSB Buffer Register) is 
provided This "write only" register is for the Most- 
Significant Byte of the desired latch data. Three addresses 
are provided for the MSB Buffer Register (as indicated in 
Table 1), but they all lead to the same Buffer. Data from the 
MSB Buffer will automatically be transferred into the Most- 
Significant Byte of Timer #X when a Write Timer #X Latches 
Command is performed So it can be seen that the MC6840 
has been designed to allow transfer of two bytes of data into 
the counter latches provided that the MSB is transferred 
first The storage order must be observed to ensure proper 
latch operation. 

In many applications, the source of the data will be an 
M6800 Family MPU It should be noted that the 16-bit store 
operations of the M6800 family microprocessors (STS and 
STX) transfer data in the order required by the PTM. A Store 
Index Register Instruction, for example, results in the MSB 
of the X register being transferred to the selected address, 
then the LSB of the X register being written into the next 
higher location. Thus, either the index register or stack 
pointer may be transferred directly into a selected counter 
latch with a single in structio n. 

A logic zero at the RESET input also initializes the counter 
latches. In this case, all latches will assume a maximum 
count of 65,535io- It is important to note that an Internal 



CRX4 
CRX3— , I 1-CRX5 



TABLE 3 - PTM OPERATING MODE SELECTION 



Continuous Operating Mode. Gate I or Write to Latches or Reset Causes Counter Initialization 
Frequency Comparison Mode. Interrupt If Gate if I ^ris<Counter Time Out 
Continuous Operating Mode' Gate 1 or Reset Causes Counter Initialization 

Pulse Width Comparison Mode' Interrupt if Gate \ ^ is< Counter Time Out 

Single Shot Mode. Gate 1 or Write to Latches or Reset Causes Counter Initialization 
Frequency Comparison Mode' Interrupt If Gate j/ 1 is> Counter Time Out 
Single Shot Mode: Gate 1 or Reset Causes Counter Initialization 
Pulse Width Comparison Mode. Interrupt If Gate \ j( is> Counter Time Out 
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Reset (Bit zero of Control Register 1 Set) has no effect on 
the counter latches. 

COUNTER INITIALIZATION 

Counter Initialization is defined as the transfer of data from 
the latches to the counter with subsequent clearing of the In- 
dividual Interrupt Flag associated with the counter Counter 
Initializa tion always occurs when a reset condition 
(RESET = 0 or CR10= 1) is recognized It can also occur - 
depending on Timer Mode — with a Write Timer Latches 
command or recognition of a negative transition of the Gate 
input 

Counter recycling or re-initialization occurs when a 
negative transition of the clock input is recognized after the 
counter has reached an all-zero state In this case, data is 
transferred from the Latches to the Counter 

ASYNCHRONOUS INPUT/OUTPUT LINES 

Each of the three timers within the PTM has external clock 
and gate inputs as well as a counter output line The inputs 
are high-impedance, TTL-compatible lines and ouputs are 
capable of driving two standard TTL loads 

CLOCK INPUTS (CI, C2, and"C3) - Input pins CI, C2, 
and C3 will accept asynchronous TTL voltage level signals to 
decrement Timers 1, 2, and 3, respectively. The high and low 
levels of the external clocks must each be stable for at least 
one system clock period plus the sum of the setup and hold 
times for the clock inputs The asynchronous clock rate can 
vary from dc to the limit imposed by the Enable Clock Setup, 
and Hold times 

The external clock inputs are clocked in by Enable pulses 
Three Enable periods are used to synchronize and process 
the external clock The fourth Enable pulse decrements the 
internal counter This does not affect the input frequency, it 
merely creates a delay between a clock input transition and 
internal recognition of that transition by the PTM All 
references to C inputs in this document relate to internal 
recognition of the input transition Note that a clock high or 
low level which does not meet setup and hold time specifica- 
tions may require an additional Enable pulse for recognition. 
When observing recurring events, a lack of synchronization 
will result in "jitter" being observed on the output of the 
PTM when using asynchronous clocks and gate input 
signals There are two types of litter "System jitter" is the 
result of the input signals being out of synchronization with 
Enable, permitting signals with marginal setup and hold time 
to be recognized by either the bit time nearest the input tran- 
sition or the subsequent bit time 

"Input jitter" can be as great as the time between input 
signal negative going transitions plus the system litter, if the 
first transition is recognized during one system cycle, and 
not recognized the next cycle, or vice versa See Figure 9 

FIGURE 9 - INPUT JITTER 




CLOCK INPUT C3 (-8 PRESCALER MODE) - External 
clock input C3 represents a special case when Timer #3 is 
programmed to utilize its optional j -8 prescaler mode 

The divide-by-8 prescaler contains an asynchronous ripple 
counter, thus, input setup (t su ) and hold times (t nc j) do not 
apply As long as minimum input pulse widths are maintain- 
ed^ the counter will recognize and process all input clock 
(C3) transitions However, in order to guarantee that a clock 
transition is processed during the current E cycle, a certain 
amount of synchronization time (t S y n c> is required between 
the C3 transition and the falling edge of Enable (see Figure 
9) If the synchronization time requirement is not met, it is 
possible that the C3 transition will not be processed until the 
following E cycle 

The maximum input frequency and allowable duty cycles 
for the -8 prescaler mode are specified under the AC 
Operating Characteristics Internally, the -8 prescaler out- 
put is treated in the same manner as the previously discussed 
clock inputs 

GATE INPUTS (G1, G2, G3) - Input pins G?, G2, and G3~ 

accept asynchronous TTL-compatible signals which are used 
as triggers or clock gating functions to Timers 1, 2, and 3, 
respectively The gating inputs are clocked into the PTM by 
the E (enable) clock in the same manner as the previously 
discussed clock inputs That is, a Gate transition is recogniz- 
ed by the PTM on the fourth Enable pulse (provided setup 
and hold time requirements are met), and the high or low 
levels of the Gate input must be stable for at least one system 
clock period plus the sum of setup and hold times All 
references to G transition in this document relate to internal 
recognition of the input transition. 

The Gate inputs of all timers_directly affect the internal 
16-bit counter. The operation of G3 is therefore independent 
of the -8 prescaler selection 

TIMER OUTPUTS (01, 02, 03) - Timer outputs 01, 02, 
and 03 are capable of driving up to two TTL loads and pro- 
duce a defined output waveform for either Continuous or 
Single-Shot Timer modes Output waveform definition is ac- 
complished by selecting either Single 16-bit or Dual 8-bit 
operating modes The Single 16-bit mode will produce a 
square-wave output in the continuous mode and a single 
pulse in the single-shot mode The Dual 8-bit mode will pro- 
duce a variable duty cycle pulse in both the continuous and 
single-shot timer modes. One bit of each Control Register 
(CRX7) is used to enable the corresponding output. If this bit 
is cleared, the output will remain low (Vol> regardless of the 
operating mode. If it is cleared while the output is high the 
output will go low during the first enable cycle following a 
write to the Control Register 

The Continuous and Single-Shot Timer Modes are the 
only ones for which output response is defined in this data 
sheet Refer to the Programmable Timer Fundamentals and 
Applications manual for a discussion of the output signals in 
other modes Signals appear at the outputs (unless 
CRX7 = 0) during Frequency and Pulse Width comparison 
modes, but the actual waveform is not predictable in typical 
applications. 
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TIMER OPERATING MODES 

The MC6840 has been designed to operate effectively in a 
wide variety of applications. This is accomplished by using 
three bits of each control register (CRX3, CRX4, and CRX5) 
to define different operating modes of the Timers These 
modes are divided into WAVE SYNTHESIS and WAVE 
MEASUREMENT modes, and are outlined in Table 4 



TABLE 4 - OPERATING MODES 



Control Register 


Timer Operating Mode 




CRX3 


CRX4 


CRX5 


0 




0 


Continuous 


Synthesizer 


0 




1 


Single-Shot 


1 


0 




Frequency Comparison 


Measurement 


1 


1 




Pulse Width Comparison 



'Defines Additional Timer Function Selection 



One of the WAVE SYNTHESIS modes is the Continuous 
Operating mode, which is useful for cyclic wave generation 
Either symmetrical or variable duty-cycle waves can be 
generated in this mode. The other wave synthesis mode, the 
Single-Shot mode, is similar in use to the Continuous 
operating mode, however, a single pulse is generated, with a 
programmable preset width 

The WAVE MEASUREMENT modes include the Frequen- 
cy Comparison and Pulse Width Comparison modes which 
are used to measure cyclic and singular pulse widths, respec- 
tively 

In addition to the four timer modes in Table 4, the remain- 
ing control register bit is used to modify counter initialization 
and enabling or interrupt conditions 

WAVE SYNTHESIS MODES 
CONTINUOUS OPERATING MODE (TABLE 5) - The 

continuous mode will synthesize a continuous wave with a 
period proportional to the preset number in the particular 
timer latches Any of the timers in the PTM may be program- 
med to operate in a continuous mode by writing zeroes into 
bits 3 and 5 of the corresponding control register Assuming 



that the timer output is enabled (CRX7= 1), either a square 
wave or a variable duty cycle waveform will be generated at 
the Timer Output, OX The type of output is selected via 
Control Register Bit 2 

Either a Timer Reset (CR10= 1 or External Reset = 0) con- 
dition or internal recognition of a negative transition of the 
Gate input results in Counter Initialization A Write Timer 
latches command can be selected as a Counter Initialization 
signal by clearing CRX4 

The counter is enabled by an absence of a Timer Reset 
condition and a logic zero at the Gate input In the 16-bit 
mode, the counter will decrement on the first clock cycle 
during or after the counter initialization cycle It continues to 
decrement on each clock signal so long as G remains low and 
no reset condition exists A Counter Time Out (the first clock 
after all counter bits = 0) results in the Individual Interrupt 
Flag being set and reinitialization of the counter 

In the Dual 8-bit mode (CRX2= 1) [refer to the example in 
Figure 10 and Tables 5 and 6] the MSB decrements once for 
every full countdown of the LSB + 1 When the LSB = 0, the 
MSB is unchanged, on the next clock pulse the LSB is reset 
to the count in the LSB Latches, and the MSB is 
decremented by 1 (one) The output, if enabled, remains low 
during and after initialization and will remain low until the 
counter MSB is all zeroes The output will go high at the 
beginning of the next clock pulse The output remains high 
until both the LSB and MSB of the counter are all zeroes At 
the beginning of the next clock pulse the defined Time Out 
(TO) will occur and the output will go low In the Dual 8-bit 
mode the period of the output of the example in Figure 10 
would span 20 clock pulses as opposed to 1546 clock pulses 
using the normal 16-bit mode 

A special time-out condition exists for the dual 8-bit mode 
(CRX2= 1) if L = 0 In this case, the counter will revert to a 
mode similar to the single 16-bit mode, except Time Out oc- 
curs after M+ 1* clock pulses The output, if enabled, goes 
low during the Counter Initialization cycle and reverses state 
at each Time Out The counter remains cyclical (is re- 
initialized at each Time Out) and the Individual Interrupt Flag 
is set when Time Out occurs If M = L = 0, the internal 
counters do not change, but the output toggles at a rate of 
Vi the clock frequency 



TABLE 5 - CONTINUOUS OPERATING MODES 



Synthesis Modes | CONTINUOUS MODE 

(CRX3 = 0, CRX5 = 0) 


Control Register 


Initialization/Output Waveforms 


CRX2 


CRX4 


Counter Initialization 


♦Timer Output (OX) (CRX7 = 1) 


0 


0 


Gl + W + R 


|-»-(N*1HT) fc| ■ |N*IHT) — |— HNOHTI-— j 

| J | J v OH 

| 1 V ° L 

t 0 TO TO TO 


0 


1 


Gl + R 


1 


0 


Gi+W + R 


1 


IT)— 


-•— (l-uhm-miiti— — 


°" 

— - v ol 

0 


ILIITI 

T 


r~ 


1 


1 


Gl + R 


1 —i 


— — — —\ ILIITI 
0 T 
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FIGURE 10 - TIMER OUTPUT WAVEFORM EXAMPLE 
(Continuous Dual 8-Bit Mode Using Internal Enable) 



Example' Contents of MSB 
Contents of LSB * 



03 = M 

04 = L 



*Time 
Out 



I* 



1) 



Counter Output 



Enable 
(System 02) 



^iiwiruirLnjiiiJuw^ 



M(L 

Algebraic Expression 
03(04 4 1) + 1 = 
16 Enables 

I 



l I 




2 4V 
0 4V 



Algebraic Expression 

^,\ 1 1l\\ 1, l Per '° d , , h ,04 + 11(03 + 11 = 20 Enable or 

Low portion of period c|ock pu , se5 

L = Pulse width 

'Preset LSB and MSB to Respective Latches on the negative transition of the Enable 
' 'Preset LSB to LSB Latches and Decrement MSB by one on the negative transition of the Enable 



The discussion of the Continuous Mode has assumed that 
the application requires an output signal It should be noted 
that the Timer operates in the same manner with the output 
disabled (CRX7 = 0) A Read Timer Counter command is 
valid regardless of the state of CRX7 

SINGLE-SHOT TIMER MODE - This mode is identical to 
the Continuous Mode with three exceptions The first of 
these is obvious from the name — the output returns to a 
low level after the initial Time Out and remains low until 
another Counter Initialization cycle occurs 

As indicated in Table 6, the internal counting mechanism 
remains cyclical in the Single-Shot Mode Each Time Out of 



the counter results in the setting of an Individual Interrupt 
Flag and re-initialization of the counter 

The second major difference between the Single-Shot and 
Continuous modes is that the internal counter enable is not 
dependent on the Gate input level remaining in the low state 
for the Single-Shot mode 

Another special condition is introduced in the Single-Shot 
mode If L=M = 0 (Dual 8-bit) or N = 0 (Single 16-bit), the 
output goes low on the first clock received during or after 
Counter Initialization The output remains low until the 
Operating Mode is changed or nonzero data is written into 
the Counter Latches Time Outs continue to occur at the end 
of each clock period 



TABLE 6 - SINGLE-SHOT OPERATING MODES 



Synthesis Modes | SINGLE-SHOT MODE 

(CRX3 = 0, CRX7 = 1, CRX5 = 1) 


Control Register 


Initialization/Output Waveforms 


CRX2 


CRX4 


Counter Initialization 


Timer Output (OX) 


0 


0 


Gl+W+R 




— (N + 1KT) »- 

(— (NMT) 


"« (N+DITI — »j 


0 


1 


Gt + R 


1 1 1 

lo TO TO 


1 


0 


Gl+W+R 




— — (L + 1HM + 1HT1 — I- (L + 1 MM + 1 MTI — 

— «-| (UITI U — 

1 1 

TO T 


3 


1 


1 


Gi + R 



Symbols are as defined in Table 5. 
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The three differences between Single-Shot and Continous 
Timer Mode can be summarized as attributes of the Single- 
Shot mode 

1 Output is enabled for only one pulse until it is reinitializ- 
ed 

2. Counter Enable is independent of Gate 
3 L= M = 0 or N = 0 disables output 
Aside from these differences, the two modes are identical 

WAVE MEASUREMENT MODES 

TIME INTERVAL MODES - The Time Interval Modes are 
the Frequency (period) Measurement and Pulse Width Com- 
parison Modes, and are provided for those applications 
which require more flexibility of interrupt generation and 
Counter Initialization. Individual Interrupt Flags are set in 
these modes as a function of both Counter Time Out and 
transitions of the Gate input Counter Initialization is also af- 
fected by Interrupt Flag status 

A timer's output is normally not used in a Wave Measure- 
ment mode, but it is defined If the output is enabled, it will 
operate as follows During the period between reinitialization 
of the timer and the first Time Out, the output will be a 
logical zero If the first Time Out is completed (regardless of 
its method of generation), the output will go high If further 
TO's occur, the output will change state at each completion 
of a Time-Out 

The counter does operate in either Single 16-bit or Dual 
8-bit modes as programmed by CRX2 Other features of the 
Wave Measurement Modes are outlined in Table 7 

Frequency Comparison Or Period Measurement Mode 
(CRX3=1, CRX4=0) — The Frequency Comparison Mode 
with CRX5= 1 is straightforward If Time Out occurs prior to 
the first negative transition of the Gate input after a Counter 
Initialization cycle, an Individual Interrupt Flag is set The 
counter is disabled, and a Counter Initialization cycle cannot 
begin until the interrupt flag is cleared and a negative transi- 
tion on G is detected. 

If CRX5 = 0, as shown in Tables. 7 and 8, an interrupt is 
generated if Gate input returns low prior to a Time Out If a 
Counter Time Out occurs first, the counter is recycled and 
continues to decrement A bit is set within the timer on the 
initial Time Out which precludes further individual interrupt 



generation until a new Counter Initialization cycle has been 
completed. When this internal bit is set, a negative transition 
of the Gate input starts a new Counter Initialization cycle 
(The condition of Gl«l«TO is satisfied, since a Time Out 
has occurred and no individual Interrupt has been 
generated ) 

Any of the timers within the PTM may be programmed to 
compare the period of a pulse (giving the frequency after 
calculations) at the Gate input with the time period re- 
quested for Counter Time Out A negative transition of the 
Gate Input enables the counter and starts a Counter In- 
itialization cycle — provided that other conditions, as noted 
in Table 8, are satisfied The counter decrements on each 
clock signal recognized during or after Counter Initialization 
until an Interrupt is generated, a Write Timer Latches com- 
mand is issued, or a Timer Reset condition occurs It can be 
seen from Table 8 that an interrupt condition will be 
generated if CRX5=0 and the period of the pulse (single 
pulse or measured separately repetitive pulses) at the Gate 
input is less than the Counter Time Out period If CRX5= 1, 
an interrupt is generated if the reverse is true 

Assume now with CRX5=1 that a Counter Initialization 
has occurred and that the Gate input has returned low prior 
to Counter Time Out Since there is no Individual Interrupt 
Flag generated, this automatically starts a new Counter In- 
itialization Cycle The process will continue with frequency 
comparison being performed on each Gate input cycle until 
the mode is changed, or a cycle is determined to be above 
the predetermined limit 

Pulse Width Comparison Mode (CRX3=1, CRX4=1) - 

This mode is similar to the Frequency Comparison Mode ex- 
cept for a positive, rather than negative, transition of the 
Gate input terminates the count With CRX5 = 0, an Individ- 
ual Interrupt Flag will be generated if the zero level pulse 
applied to the Gate input is less than the time period required 
for Counter Time Out With CRX5= 1, the interrupt is gener- 
ated when the reverse condition is true 

As can be seen in Table 8, a positive transition of the Gate 
input disables the counter With CRX5=0, it is therefore 
possible to directly obtain the width of any pulse causing an 
interrupt Similar data for other Time Interval Modes and 
conditions can be obtained, if two sections of the PTM are 
dedicated to the purpose 



FIGURE 7 - OUTPUT DELAY 



CRX3=1 


CRX4 


CRX5 


Application 


Condition for Setting Individual Interrupt Flag 


0 


0 


Frequency Comparison 


Interrupt Generated if Gate Input Period (1/F) is less 
than Counter Time Out (TO) 


0 


1 


Frequency Comparison 


Interrupt Generated if Gate Input Period (1/F) is greater 
than Counter Time Out (TO) 


1 


0 


Pulse Width Comparison 


Interrupt Generated if Gate Input "Down Time" is less 
than Counter Time Out (TO) 


1 


1 


Pulse Width Comparison 


Interrupt Generated if Gate Input "Down Time" is greater 
than Counter Time Out (TO) 
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TABLE 8 - FREQUENCY COMPARISON MODE 



Mode 


Bit 3 


Bit 4 


Control Reg. 
Bit 5 


Counter 
Initialization 


Counter Enable 
Flip-Flop Set (CE) 


Counter Enable 
Flip-Flop Reset (CE) 


Interrupt Flag 
Set (1) 


Frequency 


1 


0 


0 


Gl .]. fCT+TOI + R 


"Gl-W.'R.r 


W+R + l 


Gl Before TO 


Comparison 


1 


0 


1 


Gi.r+R 


Gl .W.R.I 


W + R + l 


TO Before CTl 


Pulse Width 


1 


1 


0 


G"l -T+ TT 


GIW.R.I 


W+R + l + G 


Gt Before TO 


Comparison 


1 


1 


1 


"Gl .T+7T 


GL W.R.I 


W+R + l + G 


TO Before Gl 



Gl = Negative transition of Gate input 

W = Write Timer Latches Command 

R = Timer Reset ICR10= 1 or External RESET = 01 

N = 16-Bit Number in Counter Latch 

TO = Counter Time Out (All Zero Condition) 

I = Interrupt for a given timer 

"All time intervals shown above assume the Gate (Gl and Clock (CI signals are sycnhromzed to the system clock 
(El with the specified setup and hold time requirements 



ORDERING INFORMATION 



Package Type 


Frequency 


Temperature 
Range 


Order Number 


Plastic 


1.0 MHz 


0°C to 70°C 


MC6840P 


P Suffix 


1.0 MHz 


-40°Cto + 85°C 


MC6840CP 




1.5 MHz 


0°C to 70°C 


MC68A40P 




1.5 MHz 


-40°Cto + 85°C 


MC68A40CP 




2 0 MHz 


OX to 70°C 


MC68B40P 


Cerdip 
S Suffix 


1.0 MHz 
1.0 MHz 
1.5 MHz 
1.5 MHz 
2.0 MHz 


0°C to 70°C 
-40°C to +85°C 

0°C to 70°C 
-40°C to +85°C 

0°C to 70°C 


MC6840S 

MC6840CS 

MC68A40S 

MC68A40CS 

MC68B40S 



PIN ASSIGNMENT 
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Direct Memory Access Controller (DMAC) 

The MC6844 Direct Memory Access Controller (DMAC) performs the function of transferring data 
directly between memory and peripheral device controllers. It directly transfers the data by control- 
ling the address and data bus in place of an MPU in a bus organized system. 

The bus interface of the MC6844 includes select, read/write, interrupt, transfer request/grant, a 
data port, and an address port which allow data transfer over an 8-bit bidirectional data bus. The 
functional configuration of the DMAC is programmed via the data bus. The internal structure pro- 
vides for control and handling of four individual channels, each of which is separately configured. 
Programmable control registers provide control for data transfer location and data block length, 
individual channel control and transfer mode configuration, priority of channel servicing, data 
chaining, and interrupt control. Status and control lines provide control to peripheral controllers. 

The mode of transfer for each channel can be programmed as one of two single-byte transfer 
modes or a burst transfer mode. 5 S ' 

Typical MC6844 applications are a Floppy Disk Controller (FDC) and an Advanced Data Link Con- 
troller (ADLC) DMA interface. 

MC6844 features include: 

• Four DMA Channels, Each Having a 16-Bit Address Register and a 16-Bit Byte Count Register 

• 2 M Byte/Sec Maximum Data Transfer Rate 

• Selection of Fixed or Rotating Priority Service Control 

• Separate Control Bits for Each Channel 

• Data Chain Function ' 

• Address Increment or Decrement Update 

• Programmable Interrupts and DMA End to Peripheral Controllers 



FIGURE 1 — M6S00 MICROCOMPUTER FAMILY 
BLOCK DIAGRAM 
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FIGURE 2 - BLOCK DIAGRAM OF DMAC 
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MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


VcC 


-0 3 to +7 0 


V 


Input Voltage 


V,n' 


-03to +70 


V 


Operating Temperature Range 
MC6844, MC68A44, MC68B44 
MC6844C, MC68A44C 


T A 


T L to T H 
Oto +70 
-40 to +85 


°c 


Storage Temperature Range 


Tstg 


- 55 to + 150 


°c 



THERMAL CHARACTERISTICS 



Characteristic 


Symbol 


Value 


Unit 


Thermal Resistance 


«JA 




°c/w 


Plastic 


100 




Cerdip 




60 





This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields, however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit Reliability of operation is 
enhanced if unused inputs are tied to an ap- 
propriate logic voltage level (e g , either Vgs 
or Vcc> 



POWER CONSIDERATIONS 



The average chip-junction temperature, Tj, in °C can be obtained from: 

Tj=T A +(P D -ejA> < 1 > 

where: 

T^ = Ambient Temperature, °C 

H JA = Package Thermal Resistance, Junction-to-Ambient, °C/W 
P D =p INT +p PORT 

P INT = 'CC x V CC' Watts — Chip Internal Power 

PpORT = Port Power Dissipation, Watts — User Determined 

For most applications PpORT <p INT ar| d can De neglected. PpORT ma y become significant if the device is configured 
to drive Darlington bases or sink LED loads. 
An approximate relationship between Pq and Tj (if PpORT ' s neglected) is: 

P D = K-(Tj + 273°C) < 2 > 

Solving equations (1) and (2) for K gives: 

K = P D -(T A +273°C) + ejA-PD 2 (3) 
where K is a constant pertaining to the particular part. K can be determined from equation (3) by measuring Pq (at 
equilibrium) for a known T^. Using this value of K, the values of Pq and Tj can be obtained by solving equations 
(1) and (2) iteratively for any value of T A . 



DC ELECTRICAL CHARACTERISTICS (Vcc = 5 0 Vdc ±5%, Vss = 0. Ta = Tl to Th unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Input High Voltage 


All Inputs 


V|H 


Vrs + 2.0 




vrr. 


V 


Input Low Voltage 


CS/TxAKB 
Other Inputs 


VlL 


Vss-03 
Vss-03 




Vss + 0.6 
Vss+08 


V 


Input Leakage Current (V m = 0 to 5 25 V) 


Tx RQ0-3, E, RESET, DGRNT 


l.n 






2.5 


M A 


Hi-Z Leakage Current 
(V ln = 04to24V) 


A0-A15, R/W 
D0-D7 


'tsi 


-10 




10 


MA 


Output High Voltage 
(l Load= -205/xA 
(l Load= -145/iA) 
< l Load= -lOOjiA) 


D0-D7 
A0-A15, R/W 
All Others 


VOH 


Vss+24 
Vss+24 
Vss+24 






V 


Output Low Voltage dLoad =1 6 mA) 


All Others 


vol 






Vss + 0.4 


V 


Source Current (V (n = 0 V, Figure 10) 


CS/TxAKB 


less 




10 


16 


mA 


Internal Power Dissipation (Measured at Ta = 0 c C) 


pint 




500 


750* 


mW 


Capacitance (V m = 0, Ta = 25°C, f = 1 0 MHz) 


E 

D0-D7, CS, A0-A4, R/W 
All Others 


Cm 






20 
12 5 
10 


pF 






c out 






12 


pF 



•For temperatures less than T/\=0°C, P|nj maximum will increase 
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MPU MODE TIMING (See Notes 1 and 2) 



Iddnt* 
Number 


Characteristic 


Symbol 


MC6844 


MC68A44 


MC68B44 


Unit 


Min 


Max 




Max 


Min 


Max 


1 


Cycle Time 


— tcyc — 


1.0 


10 


0 67 


10 


05 


10 


US 


2 


Pulse Width, E Low 


PWel 


430 


9500 


280 


9500 


210 


9500 


ns 


3 


Pulse Width. E High 


PWeh 


450 


9500 


280 


9500 


220 


9500 


ns 


4~ 


Clock Rise and Fall Time 


tr tf 

l r» l i 




25 




25 




20 




9 


Address Hold Time 


tAH 


10 




10 




10 




ns 


13 


Address Setup Time Before E 


'AS 


80 




60 




TBD 


ns 


14 


Chip Select Setup Time Before E 


ICS 


80 




60 




40 




ns 


15 


Chip Select Hold Time 


tCH 


10 




10 




10 




ns 


18 


Read Data Hold Time 


tDHR 


20 




20 




20 




ns 


21 


Write Data Hold Time 


tDHW 


10 




10 




10 




ns 


30 


Peripheral Output Data Delay Time 


'DDR 




290 




180 


TBD 


ns 


31 


Peripheral Input Data Setup Time 


tDSW 


165 




80 




60 | - 


ns 



FIGURE 3 - MPU MODE TIMING 




NOTES 

1 Voltage levels shown are Vls0.4 V, Vh^2 4 V, unless otherwise specified 

2 Measurement points shown are 0 8 V and 2 0 V, unless otherwise specified 
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FIGURE 4 - MODE 1 TIMING 
(TSC STEAL MODE) 
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Tx AKA 
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(Output) — 



A0-A4, R/W 
(Input) _ 



IRQ/DEND 



( DQD 



i 



tDGH- 



-'DGS- 



1TKD1- 



7 



'ATSR- 



l DED2- 



> 



L 



>DQD »| 



tDGH- 



- 'TD 



tATSD-* 



'DED1 



tTQHI-J r»- -*1 * t TQS1 <TQH2» \*- I — H *tTQS1 



« tTH 



J 



ITKDI^J 



1 



-»TAHO 



1 



IDED1 



LI 



C 



tDEDI 



IRQ 

111 CS Open Collector Input 
(T) Tx AKB Output 



\_ 

"IRQ 
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FIGURE 5 - MODE 2 TIMING 
(HALT STEAL MODE) 



J Dead |< — DMA — *| Dead [* — MPU 



'TQH1 



Tx RQ 



DRQ2 



DGRNT 



Tx STB 
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A0-A4, R/W ' 
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'DQD — H 



-tTQSI 



I 



'DGH ■ 



r*-<DGS- 



tTKDI 



r 



tATSR-* 



IRQ 



'DED2- 



-1TKD2-H 



1 



1DQD-*] 



-tTD 



* 'TQS1 



tDGH 



tGDS 



> 



_t ATSD 



< 



'DED1 



HI CS Open Collector Input 
[2] Tx AKB Output 



ttDEDI 
DEND 



'DED1 • 



IRQ 
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FIGURE 6 - MODE 3 TIMING 
(HALT BURST MODE) 



-*j Dead [>• DMA +\ Dummy" \* DMA *\* DMA — >\ Dead [*- 



tTQH1 • 



Jzz# 
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DGRNT 
Tx STB 

Tx AKA 



A0-A15, R/W 
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A0-A4, R/W 
(Input) 



U-tnGH-*J •*( 



tATSR -* 
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*«TD ■*■ 



1 



-tTQS2-w 



-ITQH2 - 



r 



nnn 




1TQH2 



i 



LH 



'AD ■* 
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tDEDl" 
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<DGH 



1 



*DGS 



1 
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|«-<ATSD 
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o> 
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f~i~l CS Open Collector Input 
[T] Tx AKB Output 

'No transfer (dummy cycle) because Tx RQ was negated at start of E cycle 
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DMA TIMING (Load Condition Figure 7) 



Characteristic 


Symbol 


MC6844 


MC68A44 


MC68B44 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


Tx RQ Setup Time 




















E Rising Edge 
E Falling Edge 




1TQS1 
ITQS2 


120 
210 


- 
— 


120 
210 


- 


120 
170 


- 
— 


ns 


Tx RQ Hold Time 




















E Rising Edge 
E Falling Edge 




W QH1 
tjQH2 


20 
20 




10 
10 




10 
10 






DGRNT Setup Time 


'DGS 


155 


- 


125 


- 


115 


- 


ns 


DGRNT Hold Time 


'DGH 


10 


- 


10 


- 


10 


- 


ns 


Address Output Delay Time 


A0-A15, R/W 


'AD 




270 




180 




150 


ns 


Address Output Hold Time 


A0-A15, R/W 


'AHQ 


30 




20 




20 




ns 


Address Three-State Delay Time 


A0-A15, R/W 


l ATSD 


- 


720 


- 


460 


- 


370 


ns 


Address Three-State Recovery Time 


UTSR 


- 


430 


- 


280 


- 


210 


ns 


Delay Time 


DMT, DRQ2 


'DQD 




375 




250 




200 


ns 


Tx AK Delay Time 




















E Rising Edge 
DGRNT Rising Edge 




1TKD1 
l TKD2 




400 
190 




310 
160 




250 
145 


ns 


IRQ/DEND Delay Time 




















E Falling Edge 
DGRNT Rising Edge 




l DED1 
'DED2 




300 
190 




250 
160 




230 
145 


ns 


Tx STB Output Delay Time 


tTD 




270 




180 




150 


ns 


Tx STB Output Hold Time 


tTH 


30 




20 




20 




ns 



FIGURE 7 - TEST LOADS 



FIGURE 8 - CS/Tx AKB 
SOURCE CURRENT TEST CIRCUIT 




Test Pin 


C-pF 


R = k« 


D0-D7 


130 


11.7 


A0-A15, R/W 


90 


16.5 


CS/Tx AKB 


50 


24 


Others 


30 


24 




J\ DCAmphere 
Meter 
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INTRODUCTION 

The MC6844 DMAC has four DMA channels which can be 
independently configured by software using fifteen ad- 
dressable registers. Eight of the addressable registers are 
16-bit registers, and seven are 8-bit registers. Associated 
with each channel are a 16-bit Address Register, a 16-bit 
Byte Control Register, and an 8-bit Channel Control 
Register. The DMAC also has three 8-bit registers which af- 
fect all of the channels: the Priority Control Register, the In- 
terrupt Control Register, and the Data Chain Register. A 
block diagram of the DMAC is presented in Figure 2. 

SOFTWARE INITIALIZATION 

A channel is initialized for DMA by loading the channel ad- 
dress register with the desired starting DMA address and the 
channel byte control register with the number of bytes to be 
transferred. In addition, the channel control register must be 
initialized for the direction of data transfer, for address 
register increment or decrement after each byte transfer, and 
for DMA transfer mode 

Each channel can be initialized for one of three transfer 
modes: Mode 1, Mode 2, or Mode 3. Two read-only status 
bits in the channel control register indicate when the channel 
is busy transferring a block of data and when the DMA 
transfer of a block of data is complete. 

The priority control register, the interrupt control register, 
and the data chain registers must also be initialized. 

The priority control register enables/disables each channel 
and determines whether channel service requests are servic- 
ed in a fixed or a rotating prio rity. The interrupt control 
register controls assertion of IRQ interrupt by each channel 
at the end of a data block transfer and sets a flag when IRQ is 
asserted. The data chain register controls selection of two or 
four channel operation, selection of data chaining operation, 
and the channel to be updated in the data chaining mode 

When data chaining is enabled, the contents of the chan- 
nel 3 address and byte count registers are stored into the cor- 
responding registers of the channel selected for chaining 
after the channel data block transfer is completed. This 
feature allows for repetitively reading or writing a block of 
memory 

HARDWARE INITIALIZATION 

At power-on reset (POR) and anytime RESET is asserted, 
all device registers except the address and byte count 
registers are cleared. Therefore, the state of the DMAC after 
reset is as follows' 

• all DMA channels are disabled, 

• all interrupts are disabled, 

• all flags are cleared, 

• address register increment is selected for each 
channel, 

• mode 2 is selected for each channel, 

• peripheral controller write-to-memory is selected 
for each channel, 

• two-channel operation is selected, and 

• data chaining is disabled. 



DMAC BUS CONTROL 

During DMA operation, the DMAC controls \he_system 
address and data bus es and generates system R/W. The 
DMAC also generates Tx STB, which can be used to derive 
system VMA; Tx AKA and Tx AKB, whi ch can be used to 
identify which DMA channel is in service; DRQ1 and DRQ2, 
which are used for handshaking with the system MPU, 
DEND, which is asserted when the last byte of a data block is 
being transferred, and TR"Q, which when enabled will inter- 
rupt the system MPU when a data block transfer is com- 
pleted. Data itself does not pass through the DMAC, but is 
transferred between memory and peripheral under control of 
the DMAC. 

TRANSFER MODES 

Each DMAC channel can be programmed to operate in 
one of three modes.* Two of the modes, mode 1 and mode 
2, are single-byte transfer modes in which the DMAC returns 
the bus to the MPU after eac h DM A tr ansfer by negating the 
appropriate DMA Request (DRQ1 or DRQ2). These modes 
are intended to be used in applications requiring the MPU to 
regain control of the bus after each byte transfer. Timing in- 
formation for modes 1 and 2 is presented in Figures 4 and 5. 

Mode 3 is a block transfer mode in which the DMAC re- 
tains control of the bus until the last byte of the DMA data 
block has been transferred (byte control register 0), if 
DGRNT remains asserted during the entire block transfer. In 
mode 3, byte transfers are possible at the DMAC clock fre- 
quency by asserting Tx RQ each cycle. This mode offers the 
highest DMA transfer rate Mode 3 timing is presented in 
Figure 6 

A flowchart of DMAC operation in each mode is presented 
in Figure 9. 

FUNCTIONAL PIN DESCRIPTIONS 

V C c AND Vss 

Vcc ar| d Vss P r0VI< ^ e P° wer t0 tne DMAC. The power 
supply should provide +5 V ±5% to Vrjc- Vss should be 
tied to ground. Total power dissipation will not exceed Pp 
milliwatts. 



RESET 

This input is used to place the DMAC into a known state 
and pro vide for an orderly startup procedure. Assertion of 
RESET clears all internal registers except the address and the 
byte count registers (see Hardware Initialization). 

E (ENABLE) 

This TTL-compatible input is used to clock the DMAC 
with the MPU E clock. In systems that perform single-byte 
transfers by stretching the MPU clock rather than by halting 
the MPU, the system must be designed to provide a non- 
stretched E clock to this pin. Clock modules such as the 
MC6875 are available which provide a separate stretchable E 
clock to externally-driven MPUs and a non-stretched clock to 
the DMAC. 



'Modes 1, 2, and 3 are also called TSC Steal, HALT Steal, and 
HALT Burst modes 
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FIGURE 9 - FLOWCHART OF DMAC OPERATION 
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I 
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\ 
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Mode 




TJrTQl/D7fCl2="1" 
Output 



MOTOROLA MICROPROCESSOR DATA 
3-1766 



MC6844 



READ/WRITE (R/W) 

This TTL-compatible bidirectional line is a high-impedance 
input when the DMAC is off the system bus (MPU mode), 
and an output when the DMAC is controlling the bus (DMA 
mode). In the MPU mode, this input is used to control the 
direction of data transfer through the DMAC data bus inter- 
face to allow MPU reads and writes to internal registers. In 
the DMA mode, Read/Write is an output to the system bus, 
with its state controlled by bit 0 of the appropriate channel 
control register. 

ADDRESS A0-A15 

Address lines A0-A4 are bidirectional. In the MPU mode, 
these lines are inputs used by the MPU to address DMAC 
registers In the DMA mode, these lines and lines A5-A15 are 
outputs which assert the contents of the address register of 
the channel being serviced. Address lines A0-A15 are TTL 
compatible 

DATA D0-D7 

These bidirectional TTL-compatible lines are used for data 
transfer between the MPU and the DMAC. These lines re- 
main in the high-impedance state except when the MPU 
reads DMAC registers. 

INTERRUPT REQUEST/DMA END (IRQ/DEND) 

Interrupt Request/ DMA End is a TTL-compatible, time- 
multiplexed, active low output used to interrupt the MPU 
and signal a peripheral controller when a DMAC data block 
transfer has ended. DEND is asserted during the transfer of 
the last data byte of a block transfer for one E clock cycle 
(see Figures 4, 5, and 6). IRQ is asserted after the last byte 
transfer of a block transfer if enabled by setting the proper 
DEND IRQ enable bit in the interrupt control register (see 
Table 2). Once asserted, IRQ is negated by reading the chan- 
nel control register of the channel asserting the interrupt. 

TRANSFER REQUEST (Tx RQO-3) 

Associated with each channel is a high-impedance input 
pin used by a peripheral controller to request DMA service by 
the channel. The Tx RQ pins are sampled by the DMAC in an 
order of priority determined by the software-programmable 
state of the priority control register. The Tx RQ pins for 
channels programmed for mode 1 or mode 2 operation 
(single-byte transfer modes) are sampled on the rising edge 
of E. If Tx RQ for one of these channels is asserted when 
sampled, the DMAC will perform one DMA byte transfer for 
the channel before sampling the Tx RQ pin of the channel 
next in the priority. The Tx RQ pins for channels programm- 
ed for mode 3 operation (block transfer mode) are sampled 
on the rising edge of E for the first DMA byte transfer only. If 
a Tx RQ for one of these channels is asserted when sampled, 
the first byte of the channel data block is transferred, then 
the Tx RQ pin is sampled on falling edges of E for subse- 
quent byte transfers (see Figure 6) . Once a channel program- 
med for mode 3 operation begins DMA, that channel has 
priority of servicing until the channel completes its entire 
block transfer. 



DMA REQUEST 1-2 (DRQ1, DRQ2) 

These active low TTL-compatible outputs are used by the 
DMAC to handshake wit h the M PU in requesting the system 
bus for DMA operation. DRQ1 is asserted to indicate that a 
cha nnel co nfigured for mode 1 operation requires servicing, 
and DRQ2 is asserted to indicate that a channel configured for 
mode 2 or mode 3 operation requires servicing. Once 
asserted, each output remains asserted until the DMAC 
completes one DMA byte transfer in mode 1 and mode 2 
DMA, or an entire byte block transfer in mode 3 DMA. 

DMA GRANT (DGRNT) 

This high-impedance input is used to enable MC6844 
DMA operation and should be asserted only after the MPU 
has relinquished the system bus to the DMAC. Typically, 
DGRNT will be asserted by the MPU in response to e DMA 
request, indicating that the system bus is available for DMA. 



T RANSFE R STROBE (Tx STB) 

Tx STB is asserted during each DMA transfer cycle and 
can be used as a transfer ack nowledge for peripheral con- 
trollers and as a system VMA. Tx STB is a TTL-compatible 
output. 

TRANSFER ACKNOWLEDGE A (Tx AKA) 

Transfer Acknowledge A is asserted during DMA opera- 
tion and can be used with Tx AKB to identify the DMA chan- 
nel being serviced, as shown in Table 1. 

CH|P_SELECT/TRANSFER ACKNOWLEDGE B 
(CS/Tx AKB) 

This bidirectional pin serves two functions. During MPU 
operation it is a chip-select input which when asserted allows 
MPU access to the DMAC registers. During DMA transfers 
this pin is for Tx AKB output, used with Tx AKA to identify 
the DMA channel being serviced (see Table 1). 



TABLE 1 - ENCODING ORDER 



CS/Tx AKB 


Tx AKA 


Channel # 


0 


0 


0 


0 


1 


1 


1 


0 


2 


1 


1 


3 



DMAC REGISTERS 

All DMAC registers are read/write regsiters, although 
some of the register status bits are read-only. Table 2 
presents a summary of the DMAC control registers, and 
Table 3 lists address and byte count register addresses. 

ADDRESS REGISTERS 

Associated with each DMA channel is an address register 
which stores the 16-bit address to be asserted on the system 
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TABLE 2 - DMAC CONTROL REGISTERS 



Register 


Address 


Register Content 


(Hex) 


Bit 7 


B it 6 


Bit 5 


Bit 4 


Bit 3 


Bit 2 


Bit 1 


Bit 0 


Channel 
Control 


1x* 


DMA End 

Flag 
(DEND) 


Busy/Ready 
Flag 


Not Used 


Not Used 


Address 
Up/Down 


MCA 


MCB 


Read/Write 
(R/W) 


Priority 
Control 


14 


Rotate 
Control 


Not Used 


Not Used 


Not Used 


Request 
Enable #3 
(RE3I 


Request 
Enable #2 
(RE2) 


Request 
Enable #1 
(RED 


Request 
Enable #0 
(REO) 


Interrupt 
Control 


15 


DEND 
IRQ 
Flag 


Not Used 


Not Used 


Not Used 


DEND IRQ 
Enable (3 
(DIE3) 


DEND IRQ 
Enable #2 
(DIE2) 


DEND IRQ 
Enable #1 
(DIED 


DEND IRQ 
Enable #0 
(DIE0) 


Data Chain 


16 


Not Used 


Not Used 


Not Used 


Not Used 


Two/ Four 
Channel 
Select (2/4) 


Data Chain 
Channel 
Select B 


Data Chain 
Channel 
Select A 


Data Chain 
Enable 



'The x represents the binary equivalent of the channel desired. 



TABLE 3 - ADDRESS AND BYTE COUNT REGISTERS 



Register 


Channel 


Address 
(Hex) 


Address High 


0 


0 


Address Low 


0 


1 


Byte Count High 


0 


2 


Byte Count Low 


0 


3 


Address High 


1 


4 


Address Low 


1 


5 


Byte Count High 


1 


6 


Byte Count Low 


1 


7 


Address High 


2 


8 


Address Low 


2 


9 


Byte Count High 


2 


A 


Byte Count Low 


2 


B 


Address High 


3 


C 


Address Low 


3 


D 


Byte Count High 


3 


E 


Byte Count Low 


3 


F 



address bus during the next DMA cycle of the channel . After 
each DMA byte transfer, the address register will increment 
or decrement according to the state of bit 3 of the ap- 
propriate channel control register. The starting address of a 
DMA data block should be stored in the address register of a 
channel to be used before beginning DMA operation with 
the channel. 



BYTE COUNT REGISTERS 

Each channel has a 16-bit byte count register which stores 
the number of DMA cycles remaining in a channel DMA 
block. This register should be loaded with the number of 



bytes to be transferred by a channel before the channel 
begins DMA. The byte count register is decremented at the 
beginning of a DMA cycle 



CHANNEL CONTROL REGISTERS 

A channel control register associated with each channel is 
used to control the channel mode of operation, the state of 
the R/W line during DMA, and whether the channel address 
register will increment or decrement after each DMA cycle. 
The channel control registers contain two read-only status 
flags which report the status of the channel. The channel 
control register bits are defined as follows: 
Bit 0 R/W Read/Write. The direction of DMA transfer is 
determined by the state of this bit When this 
bit is a "1", R/W will be asserted high by the 
DMAC during DMA, and memory will be read 
by the peripheral controller. When this bit is a 
"0", R/W will be asserted low by the DMAC 
during DMA and data transfer will be from the 
peripheral controller to memory 
Bit 1 MCB Mode Control B. This bit is used to select the 
channel DMA mode. When this bit is a "1", 
mode 3 operation is selected. When this bit is 
clear, either mode 1 or mode 2 operation is 
selected according to the state of channel con- 
trol register bit 2. Table 4 shows the DMA 
mode options. 



TABLE 4 - DMA MODE SELECT 



MCA 


MCB 


DMA Transfer Mode 


0 


0 


Mode 2 


0 


1 


Mode 3 


1 


0 


Mode 1 


1 


1 


Undefined 
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Bit 2 MCA Mode Control A. This bit is used with MCB to 
select the channel DMA mode. When MCB is 
set, this bit must be clear and mode 3 opera- 
tion is selected. Setting both MCA and MCB 
to a "1" places the DMAC into an undefined 
mode of operation. With MCB clear, setting 
MCA to a "1" places the channel into mode 1 
and clearing MCA places the channel into 
mode 2 (see Table 2). 

Bit 3 Address Up/Down. Bit 3 controls address 

register increment/decrement during DMA. If 
this bit is set to a "1", the address register 
decrements with each DMA cycle, if it is clear, 
the address register increments with each 
DMA cycle 

Bits 4-5 Not used 

Bit 6 Busy/ Ready Flag The Busy/ Ready flag is 

read-only status bit that indicates a DMA block 
transfer is in progress in the channel. After in- 
itializing the channel for a block transfer (ad- 
dress register, byte count register, etc.), this 
flag sets when Tx RQ is recognized and clears 
during the last block byte transfer 

Bit 7 DEND DMA End Flag (DEND). The DEND flag is used 
to indicate when a DMA transfer is complete 
This flag is set during the transfer of the last 
byte of a DMA block and is cleared by reading 
the channel co ntrol register. This flag will 
generate an IRQ interrupt if enabled in the in- 
terrupt control register 

PRIORITY CONTROL REGISTER 

The Priority Control Register is used to individually enable 

each DMA channel and to select the channel service priority 

scheme, with bits defined as follows: 

Bits 0-3 REO-3 Request Enable 0-3 Each DMA channel is in- 
dividually enabled by setting the appropriate 
RE bit (REO for channel 0 etc ) in the priority 
control register. A clear channel RE bit in- 
hibits recognition of Tx RQ for the channel. 

Bits 4-6 Not used. 

Bit 7 Rotate Control One of two channel service 

priority schemes can be selected by bit 7. 
When this bit is "0", the fixed priority of ser- 
vicing is selected in which channel 0 has 
highest priority, channel 1 has the next 
highest priority, channel 2 the next highest 
priority, and channel 3 the last priority. When 
this bit is set to a "1", the rotating priority of 
servicing is selected. Rotating priority is in- 
itially the same as fixed priority, in that the 
lower numbered channels initially have the 
higher priroities. However, once a channel is 
serviced in the rotating priority mode, that 
channel is given last priority of servicing In 
this scheme the channel last serviced gets 
the last priority. 



INTERRUPT CONTROL REGISTER 

The interrupt control register allows the user to selectively 
enable each channel IRQ interrupt. When enabled, an IRQ is 
generated when a DMA block transfer is complete. The in- 
terrupt cont rol register also has a flag to indicate that the 
DMAC IRQ is asserted. Interrupt control register bits are 
defined as follows: 

Bits 0-3 DIE0-3 DEND IRQ Enable^ These bits enable in- 
dividual channel IRQ interrupts when set to 
"1", and mask these interrupts when 
cleared. The register bit number is the same 
as the chan nel number controlled by the 
bit. An IRQ is asserted only when a DMA 
block transfer is completed 

Bits 4-6 Not used. 

Bit 7 DEND IRQ Flag This read-only bit is set to 

a "1" when the DMAC IRQ is asserted, in- 
dicating the end of a channel block transfer 
(DEND assertion) with interrupt enabled. 
This flag is cleared and IRQ is negated by a 
read of the channel control register of the 
channel causing the IRQ interrupt 

DATA CHAIN REGISTER 

Repetitive reading or writing of a block of memory can 
best be performed using the data chain function This func- 
tion transfers the contents of the channel 3 address and byte 
count registers into the respective registers of the channel 
selected for data chaining. These contents are transferred 
during the E cycle following the transfer of the last byte of a 
block by the selected channel The data chain register is 
defined as follows' 

Bit 0 DCE Data Chain Enable. Data chaining is en- 
abled when this bit is set to a "1". When 
this bit is clear, data chaining is disabled. 

Bit 1-2 DCA/B Data Chain Select A, B. The state of these 
two bits determine which channel will be 
updated when data chaining is enabled, as 
listed in Table 5 

Bit 3 Two/Four Channel Select. The DMAC will 

operate with either two channels or four 
channels, depending on the state of this 
bit. When this bit is set to a "1", the four- 
channel mode is selected, and all four chan- 
nels are selectable. When this bit is clear, 
the two-channel mode is selected and only 
channels 0 and 1 are selectable. 

Bits 4-7 Not used. 

TABLE 5 - CHANNEL SELECT 



DCB Bit 2 


DCA Bit 1 


Channel # 


0 


0 


0 


0 


1 


1 


1 


0 


2 


1 


1 


Undefined 
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APPLICATIONS 

The MC6844 DMAC can be interfaced to a wide variety of 
MPUs, including the Motorola MC68000. This section offers 
examples of MC6844 interface circuits that can be used as 
starting points in designing the DMAC into a particular 
system. 

iRQ, DEND, Tx AK GENERATION 

Derivation of IRQ (Interrupt Request), DEND (DMA End!, 
and Tx AK (Transfer Acknowledge) for one, two, and four- 
channel DMA is shown in Figure 10. IRQ, if enabled, is 
asserted by the DMA to interrupt the MPU whenever a DMA 
block transfer is completed. Tx AK is asserted during each 
DMA cycle and is used to handshake with a peripheral con- 
troller each time a DMA byte transfer occurs. DEND is used 
to handshake with a peripheral controller each time a DMA 
block transfer is complete. 



Each circuit uses DMA GRANT to demultiplex the IRQ/ 
DEND DMAC output to ensure that the system IRQ is 
asserted at the proper time, only durin g MCU operation. 
Whenever DMA GRANT is high, IRQ is negated. 

The circuits also generate DEND and Tx AK for the 
proper channel, gated by Tx STB. 

The one-channel DMA mode requires no channel de- 
coding, so for this mode Tx AK is derived from Tx STB 
directl y, and Tx STB is used to demultiplex the IRQ/ 
DEND output for DEND generation. 

The two-channel mode circuit is similar to the one-channel 
circuit, but uses Tx AKA to identify the active channel and 
generate the appropriate channel signal (see Table 1) 

The four-channel circuit is functionally similar to the two- 
channel circuit but uses a 74LS139 to decode Tx AKA and Tx 
AKB for channel identification The DMAC CS/Tx AKB pin 
is bidirectional during four-channel operation, so an open 
collector gate must be used to drive CS in order to avoid 
drive contention. 




FIGURE 10 - IRQ, DEND, Tx AK GENERATION 
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MC68000 BUS ARBITRATION INTERFACE 

Figure 11 shows an MC6844/ MC68000 interface for 
DMAC mode 2 or mode 3 operation The MC68000 Advanc- 
ed Information Data Sheet should be consulted for complete 
understanding of the circuit. 

The MC6844 must be initialized for transfer mode, byte 
count, DMA starting addr ess, etc 

Initially DGRNT is low, BGACK output is high, and Tx 
STB is high The MC6844 responds to a Tx RQ by asserting 
DRQH Assertion of Tx RQ also asserts MC68000 B R For 
DMA transfer, two conditions must be met 1) DMAC DRQH 
must be asserted and 2) all bus masters must relinquish the 
system bus. Once DRQH is asserted it remains asserted low 
until DMA byte transfer in the halt-steal mode or until the last 
byte of a DMA memory block is being transferred in the halt- 
burst mode A relinqui shing of the bus by all bus masters is 
indicated by negated BGACK, AS, and DTACK after the 
MC68000 asserts BG~ in response to a bus request 

When both conditions are met, the NAND flip-fl op is se t 
by assertion of LS138 03, asserting DGRNT and BGACK. 
The DMAC then performs a byte transfer in the halt-steal 
mode or a block of byte transfers in the halt-burst mode 

The NAND flip-flop is cleared on the rising edge of Tx STB 
after asserting during each DMA cycle in the halt-steal 
mode, and during the last DMA cycle of a DMA block in the 
halt-burst mode (see MC6844 timing diagrams). 

Note that BR to the MC68000 is negated when BGACK is 
asserted, satisfying an MC68000 requirement 

MC6800 BUS ARBITRATION INTERFACE 

A typical system design, using the MC6800/MC6844, is 
shown in Figure 12 A clock generator/driver is used which 
will stretch the MPU clock during DMA operation while 
generating a non-stretched clock for system memory Priori- 
ty logic is used to give highest priority to refresh request, 
since memory refresh and DMA transfers must not occur 
during the same E cycles 



During mode 2 or 3 DMA operation, the clock generator 
has no control over DMA Grant. To prevent DMA operation 
in mode 1 during a memory refresh cycle, system E 
must be gated with refresh grant DGRNT must be the 
ORed output of bus available (BA) and DMA grant from 
the clock generator in order to support all 3 DMA modes of 
operation. 

During the DMA cycle, a system VMA sig nal mus t be 
generated by the DMAC This is done by ORing Tx STB and 
the MPU VMA line 

MC6844/MC6809 BUS ARBITRATION INTERFACE 

An MC6844/MC6809 interface i s presented i n Figure 13 
This circuit ensures that MC6809 DMA/BREQ is asserted 
only during Q high, an MC68 09 requirement The circuit will 
also generate a syst em V MA (valid memory address), often 
referred to as DMA VMA. 

The MC6809 does not generate a VMA output since the 
only invalid address asserted by the MPU is $FFFF with R/W 
asserted high Therefore, an MC6809 system does not nor- 
mally need a VMA circuit When usi ng the MC6844 for DMA 
in an MC6809 system, however, a VMA circuit is required 
since the address lines are floating during dead cycles bet- 
ween the MPU and DMA modes. Devices on the bus must 
be deselected during this time 

Initially, in the MPU mode, DRQ1/2 is negated (high 
level), and the Q output of U3 is high. The output of the ex- 
clusive OR gate U4 is therefore a low, inhibiting clocking of 
U3 by fo rcing the output of U5 to remain a low. When 
DRQ1/2 is asserted low, the output of U4 changes to a high 
If the MC6809 Q output is high at this time, the output of U5 
changes to a high, clocking U3. If the MC6809 Q output is 
low at this time, the output of U5 will be driven high on the 
next rising edge of Q, clocking U3. When U3 is clocked, the 
Q output o f U3 changes to a low asserting MC6809 
DMA/BREQ The output of U4 at this time is a low, since 
both of the U4 inputs are low 



FIGURE 11 — MC68000 /MC6844 INTERFACE 
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FIGURE 12 - MC6800/MC6844 INTERFACE 
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FIGURE 13 — MC6844/MC6809 INTEFACE FOR MODE 1 DMA 
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After the DMA transfer, DRQ1/2 is negated by the 
MC6844, forcing the output of U4 to a high. Once again, U3 
will be clocked only when the MC6809 Q output is high. 

VMA is generated by U1 and U2 Initially, in the MPU 
mode, U1 is clear, with a low Q output. The BA (bus 
available) outpu t of th e MC68Q 9 is als o a low. Therefore, the 
output of U2 (VMA) is low (VMA asserted) When the 
MC6809 asserts BA for DMA, the output of U2 becomes 



high, indicating that the address on the system address bus 
is invalid during this dead cycle between MPU and DMA 
modes. On the next falling edge of E, IJ1 is clocked high 
forcing the output of U2 low during this DMA cycle When 
BA is negated after DMA, the output of U2 is forced high un- 
til the next falling edge of E, indicating invalid address during 
this dead cycle. 



ORDERING INFORMATION 



Package Type 


Frequency (MHz) 


Temperature 


Order Number 


Cerdip 


1.0 


OX to 70X 


MC6844S 


S Suffix 


1.0 


-40Xto +85°C 


MC6844CS 




1 5 


OX to 70°C 


MC68A44S 




1.5 


-40°Cto +85°C 


MC68A44CS 




2.0 


OX to 70X 


MC68B44S 


Plastic 


1 0 


OX to 70X 


MC6844P 


P Suffix 


1.0 


-40Xto +85X 


MC6844CP 




1 5 


OX to 70X 


MC68A44P 




1 5 


-40Xto +85X 


MC68A44CP 




2.0 


OX to 70X 


MC68B44P 



PIN ASSIGNMENT 



vss[ 

CS/Tx AKB 
R/W 
AO 
A1 

A2[ 
A3[ 
A4[ 
A5 
A6[ 
A7[ 
A8[ 
A9[ 
A10[ 
A11[ 
A12[ 
A13[ 
A14 [ 
A15 [ 

vccE 



1 o 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 



] E 



] RESET 
] DGRNT 
] DRQT 
] DRQ2 
] Tx AKA 
] Tx STB 
I IRQ/DEND 
] Tx RQ0 
] Tx RQ1 
3 Tx RQ2 
] Tx RQ3 
I DO 
]D1 
]D2 
] D3 
] D4 
] D5 
]D6 
]D7 
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CRT Controller (CRTC) 

The MC6845 CRT controller performs the interface between an MPU and a raster-scan CRT dis- 
play. It is intended for use in MPU-based controllers for CRT terminals in stand-alone or cluster 
configurations. 

The CRTC is optimized for the hardware/software balance required for maximum flexibility. All 
keyboard functions, reads, writes, cursor movements, and editing are under processor control. The 
CRTC provides video timing and refresh memory addressing. 

• Useful in Monochrome or Color CRT Applications 

• Applications Include "Glass-Teletype," Smart, Programmable, Intelligent CRT Terminals; 
Video Games; Information Displays 

• Alphanumeric, Semi-Graphic, and Full-Graphic Capability 

• Fully Programmable Via Processor Data Bus. Timing May Be Generated for Almost Any 
Alphanumeric Screen Format, e.g., 80x24, 72x64, 132x20 

• Single +5 V Supply 

• M6800 Compatible Bus Interface 

• TTL-Compatible Inputs and Outputs 

• Start Address Register Provides Hardware Scroll (by Page or Character) 

• Programmable Cursor Register Allows control of Cursor Format and Blink Rate 

• Light Pen Register 

• Refresh (Screen) Memory May be Multiplexed Between the CRTC and the MPU Thus Remov- 
ing the Requirements for Line Buffers or External DMA Devices 

• Programmable Interlace or Non-lnterlace Scan Modes 

• 14-Bit Refresh Address Allows Up to 16K of Refresh Memory for Use in Character or Semi- 
Graphic Displays 

• 5-Bit Row Address Allows Up to 32 Scan-Line Character Blocks 

• By Utilizing Both the Refresh Addresses and the Row Addresses, a 512K Address Space is 
Available for Use in Graphics Systems 

• Refresh Addresses are Provided During Retrace, Allowing the CRTC to Provide Row 
Addresses to Refresh Dynamics RAMs 

• Pin Compatible with the MC6835 



MC6845 



This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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FIGURE 1 - TYPICAL CRT CONTROLLER APPLICATION 
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MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


v C c 


-0.3 to +7 0 


V 


Input Voltage 


V,n 


-0.3 to +7.0 


V 


Operating Temperature Range 
MC6845, MC68A45, MC68B45 
MC6845C, MC68A45C 


T A 


T L to T H 
Oto 70 
-40 to +85 


-c 


Storage Temperature Range 


Tstg 


-55 to +150 


°C 


THERMAL CHARACTERISTICS 


Characteristic 


Symbol 


Value 


Unit 


Thermal Resistance 
Plastic Package 
Cerdip Package 


«JA 


100 
60 


°c/w 



la 


tch 




f 


ROM 
Character 
Generator 



Cursor, 
Display 
Enable 



Shift 
Register 



Video 
Output 




The device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields, however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit For proper operation it is 
recommended that V m and V ou t be con- 
strained to the range Vss^(V m or 
VoutlsVcc 



RECOMMENDED OPERATING CONDITIONS 



Characteristics 


Symbol 


Min 


Typ 


Max 


Unit 


Supply Voltage 


VCC 


4 75 


50 


5.25 


V 


Input Low Voltage 


V|L 


-03 




08 


V 


Input High Voltage 


V|H 


20 




vcc 


V 



MOTOROLA MICROPROCESSOR DATA 



1.1TIC 



MC6845 



POWER CONSIDERATIONS 

The average chip-junction temperature, Tj, in °C can be obtained from: 

Tj=ta+(p d -«ja) (1) 

where: 

= Ambient Temperature, °C 
"JA = Package Thermal Resistance, Junction-to-Ambient, °CA/V 
P D =p INT +p PORT 

P INT = 'CC x V CC> Watt s — Chip Internal Power 

PpORT = Port Power Dissipation, Watts — User Determined 

For most applications PpoRT <p INT and can De neglected. PpORT m ay become signif icant if the device is configured 
to drive Darlington bases or sink LED loads. 
An approximate relationship between Pq and Tj (if PpQRT is neglected) is: 

P D = K-(Tj + 273°C) (2) 

Solving equations (1) and (2) for K gives: 

k = Pd'< t a +273 ° c > +,) ja-pd 2 (3) 

where K is a constant pertaining to the particular part, K can be determined from equation (3) by measuring Pq (at 
equilibrium) for a known T^. Using this value of K, the values of Pq and Tj can be obtained by solving equations 
(1) and (2) iteratively for any value of T A 



DC ELECTRICAL CHARACTERISTICS (Vcc = 5 0 Vdc ± 5%, Vss= n . Ta = 0 to 70°C unless otherwise noted, see Figures 2-4) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Input High Voltage 


V|H 


2.0 




vcc 


V 


Input Low Voltage 


V|L 


-03 




0.8 


V 


Input Leakage Current 


■in 




0 1 


2.5 


MA 


Hi-Z State Input Current I Vcc = 5 25 V) (V ln = 0 4 to 2 4 V) 


ITSI 


-10 




10 


mA 


Output High Voltage 
« l Load= -205,<A) 
< l Load= -100/.A) 


D0-D7 
Other Outputs 


VOH 


24 
24 


30 
30 




V 


Output Low Voltage (li_oad= 1 6 mA) 


vol 




03 


04 


V 


Internal Power Dissipation (Measured at Ta = 0°C) 


pint 




600 


750 


mW 


Input Capacitance 


D0-D7 
All Others 


Cm 






12.5 
10 


PF 


Output Capacitance 


All Outputs 


Cout 






10 


PF 
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BUS TIMING CHARACTERISTICS (See Notes 1 and 2) (Reference Figures 2 and 3) 



Idem. 
Number 


Characteristic 


Symbol 


MC6845 


MC68A45 


MC68B45 


Unit 


Min 


Max 


Min 


Max 


Mm 


Max 


1 


Cycle Time 


'eye 


1 0 


10** 


0 67 


10 


0 5 


10* * 


flS 


2 


Pulse Width, E Low 


PW EL 


430 




280 




210 




ns 


3 


Pulse Width, E High 


PW EH 


450 




280 




220 




ns 


4 


Clock Rise and Fall Time 


tr. If 




25 




25 




20 


ns 


9 


Address Hold Time (RS) 


'AH 


10 




10 




10 




ns 


13 


RS Setup Time Before E 


tAS 


80 




60 




40 




ns 


14 


R/W and CS Setup Time Before E 


tCS 


80 




60 




40 




ns 


15 


R/Wand C5~ Hold Time 


tCH 


10 




10 




10 




ns 


18 


Read Data Hold Time 


'DHR 


20 


50* 


20 


50* 


20 


50* 


ns 


21 


Write Data Hold Time 


*DHW 


10 




10 




10 




ns 


30 


Peripheral Output Data Delay Time 


'DDR 




290 




180 


0 


150 


ns 


31 


Peripheral Input Data Setup Time 


'DSW 


165 




80 




60 




ns 



•The data bus output buffers are no longer sourcing or sinking current by tpuR maximum (high impedance) 
* *The E clock may be low for extended periods provided the CLK input is active 

FIGURE 2 - MC6845 BUS TIMING 
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NOTES 

1 Voltage levels shown are V|_s0 4 V, Vh^2 4 V, unless otherwise specified 

2 Measurement points shown are 0 8 V and 2 0 V, unless otherwise specified 
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FIGURE 3 - BUS TIMING TEST LOAD 
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CRTC TIMING CHARACTERISTICS (Reference Figures 4 and 5) 



Characteristic 


Symbol 




Max 


Unit 


Minimum Clock Pulse Width, Low 


P WCL 


150 




ns 


Minimum Clock Pulse Width, High 


p WCH 


150 




ns 


Clock Frequency 


fc 




30 


MHz 


Rise and Fall Time for Clock Input 


'cr, t c f 




20 


ns 


Memory Address Delay Time 


'MAD 




160 


ns 


Raster Address Delay Time 


'RAD 




160 


ns 


Display Timing Delay Time 


'DTD 




250 


ns 


Horizontal Sync Delay Time 


'HSD 




250 


ns 



- 




MC6845 



FIGURE 5 - CRTC-CLK, MA0-MA13, AND LPSTB TIMING DIAGRAM 
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MA0-MAT3 
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NOTE Timing measurements are referenced to and 
from a low voltage of 0 8 volts and a high 
voltage 1 of 2 0 volts, unless otherwise noted 



v When the CRTC detects the rising edge of LPSTB in 
\ this period, the CRTC sets the Refresh Memory Ad- 
dress 'M + 2' into the LIGHT PEN REGISTER 

tLPD1' l LPD2 Period of uncertainty for the Refresh 
Memory Address 



CRTC INTERFACE 

The CRT controller generates the signals necessary to in- 
terface a digital system to a raster scan CRT display In this 
type of display, an electron beam starts in the upper left 
hand corner, moves quickly across the screen and returns 
This action is called a horizontal scan After each horizontal 
scan the beam is incrementally moved down in the vertical 
direction until it has reached the bottom At this point one 
frame has been displayed, as the beam has made many 
horizontal scans and one vertical scan 

Two types of raster scanning are. used in CRTs, interlace 
and non-interlace, shown in Figures 6 and 7 Non-interlace 
scanning consists of one field per frame. The scan lines in 
Figure 6 are shown as solid lines and the retrace patterns are 
indicated by the dotted lines. Increasing the number of 
frames per second will decrease the flicker Ordinarily, either 
a 50 or 60 frame per second refresh rate is used to minimize 
beating between the CRT and the power line frequency This 
prevents the displayed data from weaving 



SYSTEM DESCRIPTION 

Interlace scanning is used in broadcast TV and on data 
monitors where high density or high resolution data must be 
displayed Two fields, or vertical scans are made down the 
screen for each single picture or frame The first field (even 
field) starts in the upper left hand corner, the second (odd 
field) in the upper center Both fields overlap as shown in 
Figure 7, thus interlacing the two fields into a single frame 

In order to display the characters on the CRT screen the 
frames must be continually repeated The data to be 
displayed is stored in the refresh (screen) memory by the 
MPU controlling the data processing system The data is 
usually written in ASCII code, so it cannot be directly 
displayed as characters A character generator ROM is 
typically used to convert the ASCII codes into the "dot" pat- 
tern for every character 

The most common method of generating characters is to 
create a matrix of dots "x" dots (columns) wide and "y" dots 
(rows) high Each character is created by selectively filling in 



FIGURE 6 - RASTER SCAN SYSTEM (NON-INTERLACE) 

•Active Display 



FIGURE 7 - RASTER SCAN SYSTEM (INTERLACE) 
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the dots. As "x" and "y" get larger a more detailed character 
may be created Two common dot matrices are 5x7 and 
7x9. Many variations of these standards will allow Chinese, 
Japanese, or Arabic letters instead of English Since 
characters require some space between them, a character 
block larger than the character is typically used, as shown in 
Figure 8 The figure also shows the corresponding timing 
and levels for a video signal that would generate the 
characters 

Referring to Figure 1, the CRT controller generates the 
refresh addresses (MA0-MA13), row addresses (RA0-RA4), 
and the video timing (vertical sync — VS, horizontal sync — 
HS, and display enable - DE) Other functions include an 
internal cursor register which generates a cursor output 
when its contents compare to the current refresh address A 
light pen strobe input signal allows capture of the refresh ad- 
dress in an internal light pen register 

All timing in the CRTC is derived from the CLK input In 
alphanumeric terminals, this signal is the character rate The 
video rate or "dot" clock is externally divided by high-speed 
logic (TTL) to generate the CLK input The high-speed logic 
must also generate the timing and control signals necessary 
for the shift register, latch, and MUX control 



The processor communicates with the CRTC through an 
8-bit data bus by reading or writing into the 19 registers 

The refresh memory address is multiplexed between the 
processor and the CRTC Data appears on a secondary bus 
separate from the processor's bus The secondary data bus 
concept in no way precludes using the refresh RAM for other 
purposes It looks like any other RAM to the processor. A 
number of approaches are possible for solving contentions 
for the refresh memory. 

1. Processor always gets priority (Generally, "hash" oc- 
curs as MPU and CRTC clocks are not synchronized ) 

2. Processor gets priority access anytime, but can be 
synchronized by an interrupt to perform accesses only 
during horizontal and vertical retrace times 

3 Synchronize the processor with memory wait cycles 
(states) 

4. Synchronize the processor to the character rate as 
shown in Figure 9 The M6800 processor family works 
works very well in this configuration as constant cycle 
lengths are present This method provides no 
overhead for the processor as there is never a conten- 
tion for a memory access All accesses are 
transparent 



FIGURE 8 - CHARACTER DISPLAY ON THE SCREEN AND VIDEO SIGNAL 
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FIGURE 9 - TRANSPARENT REFRESH MEMORY 
CONFIGURATION TIMING USING M6800 FAMILY MPU 
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-t cyc = nxt c or t c /m- 



Where m, n are integers, t c is character period 



PIN DESCRIPTION 



PROCESSOR INTERFACE 

The CRTC interfaces to a processor bus on the bidirec- 
tional data bus (D0-D7) using CS, RS, E, and R/W for con- 
trol signals. 

Data Bus (D0-D7) - The bidirectional data lines (D0-D7) 
allow data transfers between the internal CRTC register file 
and the processor Data bus output drivers are in the high- 
impedance state until the processor performs a CRTC read 
operation 

Enable (E) - The enable signal is a high-impedance 
TTL/MOS compatible input which enables the data bus in- 
put/output buffers and clocks data to and from the CRTC 
This signal is usually derived from the processor clock The 
high-to-low transition is the active edge 

Chip Select (CS) - The CS line is a high-impedance 
TTL/MOS compatible input which selects the CRTC, when 
low, to read or write to the internal register file. This signal 
should only be active when there is a valid stable address be- 
ing decoded from the processor 

Register Select (RS) — The RS line is a high-impedance 
TTL/MOS compatible input which selects either the address 
register (RS = 0) or one of the data register (RS=1) or the 
internal register file 

Read/Write (R/W) - The R/W line is a high-impedance 
TTL/MOS compatible input which determines whether the 
internal register file gets written or read A write is defined as 
a low level 



Vertical Sync (VS) and Horizontal Sync (HS) - These 
TTL-compatible outputs are active high signals which drive 
the monitor directly or are fed to the video processing cir- 
cuitry to generate a composite video signal The VS signal 
determines the vertical position of the displayed text while 
the HS signal determines the horizontal position of the 
displayed text 

Display Enable (DE) - This TTL-compatible output is an 
active high signal which indicates the CRTC is providing ad- 
dressing in the active display area 

REFRESH MEMORY/CHARACTER GENERATOR 
ADDRESSING 

The CRTC provides memory addresses (MA0-MA13) to 
scan the refresh RAM Row addresses (RA0-RA4) are also 
provided for use with character generator ROMs In a 
graphics system, both the memory addresses and the row 
addresses would be used to scan the refresh RAM . Both the 
memory addresses and the row addresses continue to run 
during vertical retrace thus allowing the CRTC to provide the 
refresh addresses required to refresh dynamic RAMs 

Refresh Memory Addresses (MA0-MA13) - These 14 out- 
puts are used to refresh the CRT screen with pages of data 
located within a 16K block of refresh memory These outputs 
are capable of driving one standard TTL load and 30 pF 

Row Addresses (RA0-RA4) - These five outputs from the 
internal row address counter are used to address the 
character generator ROM These outputs are capable of driv- 
ing one standard TTL load and 30 pF 



CRT CONTROL 

The CRTC provides horizontal sync (HS), vertical sync 
(VS), and display enable (DE) signals 

NOTE 

Care should be exercised when interfacing to CRT 
monitors, as many monitors claiming to be "TTL com- 
patible" have transistor input circuits which require 
the CRTC or TTL devices buffering signals from the 
CRTC/video circuits to exceed the maximum-rated 
drive currents. 



OTHER PINS 

Cursor - This TTL-compatible output indicates a valid 
cursor address to external video processing logic It is an ac- 
tive high signal. 

Clock (CLK) - The CLK is a TTL/MOS-compatible input 
used to synchronize all CRT functions except for the pro- 
cessor interface An external dot counter is used to derive 
this signal which is usually the character rate in an 
alphanumeric CRT. The active transition is high-to-low 
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Light Pen Strobe (LPSTB) - A low-to-high transition on 
this high-impedance TTL/MOS-compatible input latches the 
current Refresh Address in the light pen register. The latch- 
ing of the refresh address is internally synchronized to the 
character clock (CLK). 

Vcc and Vss _ These inputs supply +5 Vdc ±5% to 
the CRTC 



(a) The RESET input and the LPSTB input are encoded as 
shown in Table 1. 



TABLE 1 - CRTC OPERATING MODE 



RESET - The RESET i nput is used to reset the CRTC. A 
low level on the RESET input forces the CRTC into the 
following state: 

(a) All counters in the CRTC are cleared and the device 
stops the display operation. 

(b) All the outputs are driven low. 

NOTE 

The horizontal sync output is not defined until after 
R2 is programmed. 



RESET 


LPSTB 


Operating Mode 


0 


0 


Reset 


0 


1 


Test Mode 


1 


0 


Normal Mode 


1 


1 


Normal Mode 



The test mode configures the memory ad- 
dresses as two independent 7-bit counters to 
minimize test time 



(c) 



The control registers of the CRTC are not affected and 
remain unchanged. 



(b) 



(c) 




Functionality of RESET differs from that of other M6800 
parts in the following functions. 

CRTC DESCRIPTION 



After RESET has gone low and (LPSTB = 0), MAO- 
MAIS and R A0-RA4 will be driven low on the falling 
edge of CLK. RESET must remain low for at least one 
cycle of the character clock (CLK) 
The CRTC resumes the display operation immediately 
DE and the CURSOR are 



after the release of RESET 

not active until after the first frame has been displayed 



The CRTC consists of programmable horizontal and ver- 
tical timing generators, programmable linear address 
register, programmable cursor logic, light pen capture 
register, and control circuitry for interface to a processor 
bus A block diagram of the CRTC is shown in Figure 10 

All CRTC timing is derived from the CLK, usually the out- 
put of an external dot rate counter Coincidence (CO) cir- 
cuits continuously compare counter contents to the con- 
tents of the programmable register file, R0-R17 For horizon- 
tal timing generation, comparisons result in' 1) horizontal 
sync pulse (HS) of a frequency, position, and width deter- 
mined by the registers; 2) horizontal display signal of a fre- 
quency, position, and duration determined by the registers. 

The horizontal counter produces H clock which drives the 
scan line counter and vertical control. The contents of the 
raster counter are continuously compared to the maximum 
scan line address register A coincidence resets the raster 
counter and clocks the vertical counter. 

Comparisons of vertical counter contents and vertical 
registers result in 1) vertical sync pulse (VS) of a frequency 
and position determined by the registers; 2) vertical display 
of a frequency and position determined by the registers 

The vertical control logic has other functions 
1 . Generate row selects, RA0-RA4, from the raster count 
for the corresponding interlace or non-mterlace 
modes 

2 Extend the number of scan lines in the vertical total by 
the amount programmed in the vertical total adjust 
register 

The linear address generator is driven by the CLK and 
locates the relative positions of characters in memory with 
their positions on the screen Fourteen lines, MA0-MA13, 
are available for addressing up to four pages of 4K 
characters, eight pages of 2K characters, etc Using the start 
address register, hardware scrolling through 16K characters 
is possible The linear address generator repeats the same se- 
quence of addresses for each scan line of a character row 

The cursor logic determines the cursor location, size, and 
blink rate on the screen All are programmable 

The light pen strobe going high causes the current con- 
tents of the address counter to be latched in the light pen 



register The contents of the light pen register are subse- 
quently read by the processor 

Internal CRTC registers are programmed by the processor 
through the data bus, D0-D7, and the control signals - 
R/W, CS, RS, and E. 



REGISTER FILE DESCRIPTIONS 

The nineteen registers of the CRTC may be accessed 
through the data bus Only two memory locations are re- 
quired as one location is used as a pointer to address one of 
the remaining eighteen registers These eighteen registers 
control horizontal timing, vertical timing, interlace operation, 
row address operation, and define the cursor, cursor ad- 
dress, start address, and light pen register. The register ad- 
dresses and sizes are shown in Table 2 

ADDRESS REGISTER 

The address register is a 5-bit write-only register used as 
an "indirect"or "pointer" register. It contains the address of 
one of the other eighteen registers. When both RS and CS 
are low, the address register is selected. When CS is low and 
RS is high, the register pointed to by the address register is 
selected 

TIMING REGISTERS R0-R9 

Figure 11 shows the visible display area of a typical CRT 
monitor giving the point of reference for horizontal registers 
as the left-most displayed character position. Horizontal 
registers are programmed in character clock time units with 
respect to the reference as shown in Figure 12 The point of 
reference for the vertical registers is the top character posi- 
tion displayed. Vertical registers are programmed in scan line 
times with respect to the reference as shown in Figure 13 

Horizontal Total Register (R0) - This 8-bit write-only 
register determines the horizontal sync (HS) frequency by 
defining the HS period in character times It is the total of the 
displayed characters plus the non-displayed character times 
(retrace) minus one 
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'FIGURE 10 - CRTC BLOCK DIAGRAM 



Vcc GND 



R-W CS RS E RESET DO D7 

L±±A t 



Horizontal 
CTR ( - 2561 
MC 



Horizontal 
Sync Width 
CTR ( ■+■ 161 I—, 
MC 

d 



Character 
Row 
CTR ( - 1281 
MC 




Vertical 

Control 



Scan I 
c CTR ( — 321 



Vertical Total Req 



Vertical Total 
Adjust Register 




Vertical Displayed 
Req 



Vertical Sync 
Position Reg 



c 



Interlace Mode 









Max Scan Line 
Address Req 


CO 




R9 



-|rto| c " 



rsor Start 
Reg 



K= 



Cursor 
Contro 



Hend- 
CLK- 



Linear 
Address 
Generator 







Rll 


Cursor End 
Req 










— — — — IH12 
|R13 


Stan Address j 
Reg | 


1 







JR 14 Cursor Address 



ill. 



Reg 



Light Pen Reg 



F33 



Sync [ <- 

t 

CLK 



\/ RA0-RA4 



MA0-MA13 




MOTOROLA MICROPROCESSOR DATA 
3-1783 



MC6845 



TABLE 2 — CRTC INTERNAL REGISTER ASSIGNMENT 



cs 


RS 


Address Register 


Register 
t 


Register File 


Program 
Unit 


Read 


Write 


Number of Bits 


4 


3 


2 


1 


0 


7 


6 


5 


4 


3 


2 


1 


0 


1 


X 


X 


X 


X 


X 


X 


X 


— 


~ 




~ 


















0 


0 


X 


X 


X 


X 


X 


AR 


Address Register 


— 


No 


Yes 


















0 


1 


0 


0 


0 


0 


0 


RO 


Horizontal Total 


Char 


No 


Yes 


















0 


1 


0 


0 


0 


0 


1 


R1 


Horizontal Displayed 


Char 


No 


Yes 


















0 


1 


0 


0 


0 


1 


0 


R2 


H Sync Position 


Char 


No 


Yes 


















0 


1 


0 


0 


0 




1 


R3 


Sync Width 


— 


No 


Yes 










H 


H 


H 


H 


0 


1 


0 


0 


1 




0 


R4 


Vertical Total 


Char Row 


No 


Yes 


















0 


1 


0 


0 


1 




1 


R5 


V Total Adjust 


Scan Line 


No 


Yes 


















0 


1 


0 


0 


1 


1 


0 


R6 


Vertical Displayed 


Char Row 


No 


Yes 


















0 


1 


0 


0 


1 


1 


1 


R7 


V Sync Position 


Char Row 


No 


Yes 


















0 


1 


0 


1 


0 




0 


R8 


Interlace Mode and Skew 


Note 1 


No 


Yes 














I 


I 


0 


1 


0 


|-!- 


0 




1 


R9 


Max Scan Line Address 


Scan Line 


No 


Yes 


















0 


1 


0 




0 




0 


R10 


Cursor Start 


Scan Line 


No 


Yes 




B 


P 






(Note 2) 


0 




0 




0 




1 


R1 1 


Cursor End 


Scan Line 


No 


Yes 


















0 




0 




1 
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R12 


Start Address (H) 




No 


Yes 


0 


0 














0 




0 




1 
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R13 


Start Address (L) 




No 


Yes 


















0 




0 




1 
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R14 


Cursor (HI 




Yes 


Yes 


0 


0 














0 




0 




1 




1 


R15 


Cursor ILI 




Yes 


Yes 


















0 




1 


0 


0 


0 


0 


R16 


Light Pen (H) 




Yes 


No 


0 


0 














0 




1 


0 


0 


0 


1 


R17 


Light Pen (LI 




Yes 


No 



















NOTES 

1 The interlace is shown in Table 3 

2 Bit 5 of the cursor start raster register is used for blink period control, and bit 6 is used to select blink or no-blink 
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ILLUSTRATION OF THE CRT SCREEN FORMAT 
Number of Horizontal Total Char (Nht+ D- 



-Number of Horizontal Displayed Char (Nhd)- 



• Line (Nsl' 



Display Period 



Vertical Retrace Period 



Total Scan Line Adjust (Nadjl — 
NOTE 1 Timing values are described in Table 5 
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Horizontal Displayed Register (R1) - This 8-bit write-only 
register determines the number of displayed characters per 
line. Any 8-bit number may be programmed as long as the 
contents of RO are greater than the contents of R1. 

Horizontal Sync Position Register (R2) - This 8-bit write- 
only register controls the HS position The horizontal sync 
position defines the horizontal sync delay (front porch) and 
the horizontal scan delay (back porch) When the program- 
med value of this register is increased, the display on the 
CRT screen is shifted to the left When the programmed 
value is decreased the display is shifted to the right Any 
8-bit number may be programmed as long as the sum of the 
contents of R2 and R3 are less than the contents of RO R2 
must be greater than R1. 

Sync Width Register (R3) - This 8-bit write-only register 
determines the width of the horizontal sync (HS) pulse The 
vertical sync pulse width is fixed at 16 scan-line times 

The HS pulse width may be programmed from 1-to-15 
character clock periods thus allowing compatibility with the 
HS pulse width specifications of many different monitors If 
zero is written into this register then no HS is provided. 

Horizontal Timing Summary (Figure 12) - The difference 
between RO and R1 is the horizontal blanking interval. This 
interval in the horizontal scan period allows the beam to 
return (retrace) to the left side of the screen. The retrace time 
is determined by the monitor's horizontal scan components 
Retrace time is less than the horizontal blanking interval A 
good rule of thumb is to make the horizontal blanking about 
20% of the total horizontal scanning period for a CRT. In in- 
expensive TV receivers, the beam overscans the display 
screen so that aging of parts does not result in underscan- 
ning. Because of this, the retrace time should be about one 
third the horizontal scanning period The horizontal sync 
delay, HS pulse width, and horizontal scan delay are typically 
programmed with a 1 2.2 ratio 

Vertical Total Register (R4) and Vertical Total Adjust 
Register (R5) - The frequency of VS is determined by both 
R4 and R5 The calculated number of character row times is 
usually an integer plus a fraction to get exactly a 50 or 60 Hz 
vertical refresh rate The integer number of character row 
times minus one is programmed in the 7-bit write-only ver- 
tical total register (R4) The fraction of character line times is 
programmed in the 5-bit write-only vertical total adjust 
register (R5) as the number of scan lines required 

Vertical Displayed Register (R6) - This 7-bit write-only 
register specifies the number of displayed character rows on 
the CRT screen, and is programmed in character row times 
Any number smaller than the contents of R4 may be pro- 
grammed into R6. 

Vertical Sync Position (R7) - This 7-bit write-only register 
controls the position of vertical sync with respect to the 
reference It is programmed in character row times When 
the programmed value of this register is increased, the 
display position of the CRT screen is shifted up When the 
programmed value is decreased the display position is 
shifted down Any number equal to or less than the vertical 
total (R4) and greater than or equal to the vertical displayed 
(R6) may be used 



Interlace Mode and Skew Register (R8) -'The MC6845 
only allows control of the interlace modes as programmed by 
the low order two bits of this write-only register. Table 3 
shows the interlace modes available to the user These 
modes are selected using the two low order bits of this 6-bit 
write-only register 



TABLE 3 - INTERLACE MODE REGISTER 



Bit 1 


Bit 0 


Mode 


0 
1 
0 

1 


0 
0 

1 
1 


Normal Sync Mode (Non-lnterlace) 

Interlace Sync Mode 

Interlace Sync and Video Mode 



In the normal sync mode (non-mterlace) only one field is 
available as shown in Figures 6 and 14a Each scan line is 
refreshed at the VS frequency (e g , 50 or 60 Hz) 

Two interlace modes are available as shown in Figures 7, 
14b, and 14c The frame time is divided between even and 
odd alternating fields The horizontal and vertical timing rela- 
tionship (VS delayed by one half scan line time) results in the 
displacement of scan lines in the odd field with respect to the 
even field 

In the interlace sync mode the same information is painted 
in both fields as shown in Figure 14b This is a useful mode 
for filling in a character to enhance readability 

In the interlace sync and video mode, shown in Figure 14c, 
alternating lines of the character are displayed in the even 
field and the odd field. This effectively doubles the given 
bandwidth of the CRT monitor 

Care must be taken when using either interlace mode to 
avoid an apparent flicker effect This flicker effect is due to 
the doubling of the refresh time for all scan lines since each 
field is displayed alternately and may be minimized with pro- 
per monitor design (e g , longer persistence phosphors) 

In addition, there are restrictions on the programming of 
the CRTC registers for interlace operation 

1 The horizontal total register value, R0, must be odd 
(i e , an even number of character times) 

2 For interlace sync and video mode only, the maximum 
scan-line address, R9, must be odd (i e , an even 
number of scan lines) 

3 For interlace sync and video mode only, the number 
(Nvd) programmed into the vertical display register (R6) 
must be one half the actual number required The even 
numbered scan lines are displayed in the even field and 
the odd numbered scan lines are displayed in the odd 
field 

4 For interlace sync and video mode only, the cursor start 
register (R10) and cursor end register (R11) must both 
be even or both odd depending on which field the cur- 
sor is to be displayed in A full block cursor will be 
displayed in both the even and the odd field when the 
cursor end register (R11) is programmed to a value 
greater than the value in the maximum scan line address 
register (R9) 
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FIGURE 12 - CRTC HORIZONTAL TIMING 
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•Timing is shown for first displayed scan row only See chart in Figure 15 for other rows The initial MA is determined by the contents of start 

address register, R12/R13 Timing is shown for R12/R13 = 0 
NOTE Timing values are described in Table 5 
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FIGURE 13 - CRTC VERTICAL TIMING 
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NOTES 1 In interlace sync and video mode, maximum raster address (Nr) shall be odd 
2 In interlace mode, Nht shall be odd 
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FIGURE 14 - INTERLACE CONTROL 
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Maximum Scan Line Address Register (R9) - This 5-bit 
write-only register determines the number of scan lines per 
character row including the spacing, thus, controlling opera- 
tion of the row address counter. The programmed value is a 
maximum address and is one less than the number of scan 
lines. 

CURSOR CONTROL 

Cursor Start Register (R10) and Cursor End Reigster 
(R11) - These registers allow a cursor of up to 32 scan lines 
in height to be placed on any scan line of the character block 
as shown in Figure 15 R 10 is a 7-bit write-only register used 
to define the start scan line and the cursor blink rate. Bits 5 
and 6 of the cursor start address register control the cursor 
operation as shown in Table 4. Non-display, display, and two 
blink modes (16 times or 32 times the field period) are 
available R11 is a 5-bit write-only register which defines the 
last scan line of the cursor. 

TABLE 4 - CURSOR START REGISTER 



Bit 6 


Bit 5 


Cursor Display Mode 


0 


0 


Non-Blink 


0 


1 


Cursor Non-Display 


1 


0 


Blink, 1/16 Field Rate 


1 


1 


Blink, 1/32 Field Rate 



Example of cursor display mode 

When an external blink feature on characters is required, it 
may be necessary to perform cursor blink externally so that 
both blink rates are synchronized. Note that an invert/non- 



invert cursor is easily implemented by programming the 
CRTC for a blinking cursor and externally inverting the video 
signal with an exclusive-OR gate. 

Cursor Register (R14-H, R15-L) - This 14-bit read/write 
register pair is programmed to position the cursor anywhere 
in the refresh RAM area; thus, allowing hardware paging and 
scrolling through memory without loss of the original cursor 
position. It consists of an 8-bit low order (MA0-MA7) register 
and a 6-bit high order (MA8-MA13) register 

OTHER REGISTERS 

Start Address Register (R12-H, R13-L) - This 14-bit 
write-only register pair controls the first address output by 
the CRTC after vertical blanking. It consists of an 8-bit low 
order (MA0-MA7) register and a 6-bit high order (MAS- 
MAIS) register. The start address register determines which 
portion of the refresh RAM is displayed on the CRT screen 
Hardware scrolling by character or page may be accom- 
plished by modifying the contents of this register. 

Light Pen Register (R16-H, R17-L) - This 14-bit read-only 
register pair captures the refresh address output by the 
CRTC on the positive edge of a pulse input to the LPSTB 
pin. It consists of an 8-bit low order (MA0-MA7) register and 
a 6-bit high order (MA8-MA13) register. Since the light pen 
pulse is asynchronous with respect to refresh address timing 
an internal synchronizer is designed into the CRTC. Due to 
delays (Figure 5) in this circuit, the value of R16 and R17 will 
need to be corrected in software Figure 16 shows an inter- 
rupt driven approach although a polling routine could be 
used 
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FIGURE 15 - CURSOR CONTROL 
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FIGURE 16 - INTERFACING OF LIGHT PEN 
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OPERATION 

TIMING CHART OF THE CRT INTERFACE SIGNALS 

Timing charts of CRT interface signals are illustrated in 
this section When values listed in Table 5 are programmed 
into CRTC control registers, the device provides the outputs 
as shown in the timing diagrams (Figures 12, 13, 17, and 18) 
The screen format is shown in Figure 1 1 which illustrates the 
relation between refresh memory address (MA0-MA13), 
raster address (RA0-RA4), and the position on the screen In 
this example, the start address is assumed to be zero 
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TABLE 5 - VALUES PROGRAMMED INTO CRTC REGISTERS 



Reg. t 


Register Name 


Value 


Programmed 
Value 


RO 


H Total 


Nht+1 


Nht 


R1 


H Displayed 


Nhd 


Nhd 


R2 


H Sync Position 


N hsp 


N hsp 


R3 


H Sync Width 


N hsw 


N hsw 


R4 


V Total 


Nyt+1 


N vt 


R5 


V Scan Line Ad|ust 


N ad) 


N adj 


R6 


V Displayed 


Nvd 


Nvd 


R7 


V Sync Position 


N vsp 


Nvsp 


R8 


Interlace Mode 






R9 


Max Scan Line Address 


Nsl 


Nsl 
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FIGURE 17 - CURSOR TIMING 
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•Timing is shown for non-interlace and interlace sync modes 
Example shown has cursor programmed as 
Cursor Register = Nhd + 2 
Cursor Start = 1 
Cursor End = 3 

* *The initial MA is determined by the contents of start address register, R12/R13 Timing is shown for R12/R13 = 0 



NOTE 1 Timing values are described in Table 5 



FIGURE 18 - REFRESH MEMORY ADDRESSING (MAO-MA13) STAGE CHART 
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NOTE 1 The initial MA is determined by the contents of start address register, R12/R13 Timing is shown tor R12/R13 = 0 Only non- 
interlace and interlace sync modes are shown 
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DETERMINING REGISTER CONTENTS 

Some of the register contents are determined rather easily. 
They are' 



Register 

R8 



Name 



Contents 



Interlace Mode Register See Table 3 



R10 Cursor Start 

R11 Cursor End 

R12 Start Address (H) 

R13 Start Address (L) 

R14 Cursor (HI 

R15 Cursor (L) 

R16 Light Pen (H) 

R17 Light Pen (L) 



Register Function 

RO Horizontal Total 
R1 Horizontal Displayed 

R2 Horizontal Sync Position 
R3 Horizontal Sync Width 

R4 Vertical Total 



See Figure 15 and 

Table 4 
See Figure 15 
User programs first 

memory location 

to be displayed 
User programs desired 

cursor location 
Can be loaded via 

light-pen strobe 

only 

FIGURE 19 - 

Intermediate 

Symbol Description 

f Dot frequency 

(1st approx ) 

t c Character Time 
f Dot frequency 



The remaining register contents must be determined from 
some basic data related to the CRT monitor and from the 
user-desired display format The CRTC reference sheet (see 
Figure 19) gives a set of formulas for calculating the register 
contents as well as other useful characteristics of the 
display This type of data is summarized under basic 
parameters in Figures 20 and 21 , most or all of this data must 
be supplied by the user before he can determine the contents 
for registers R0-R7 and R9 All variables B1-B10 are equal to 
basic parameters 1 through 10 



CRTC REFERENCE SHEET 

Calculations 

Calculation Register 

B5»lB 7 +B 9 ) RO ■ 

(1/Bi)-B3 

1 R1 



l(R0) + 1|»Bi 
B7+B9 



r Calculations 

Calculation 

f 



B1MB7+B9) 



B5 



R5 Vertical Total Adjust 
R6 Vertical Displayed 
R7 Vertical Sync Position 



t s | Scan line time 



n 



R8 Interlace Mode 

R9 Maximum Scan Line Address N 

R10 Cursor Start R 

R11 Cursor End 

R12 Start Address (H) t cr 

R13 Start Address (L) % 

R14 Cursor (HI 

R15 Cursor (L) t vr 

R16 Light Pen (HI 

R17 Light Pen (L) 



Total » of 
scan lines 



Integer 
and 

Integer remainder 



Character 
row time 



Horizontal 
retrace time 



Vertical 
retrace time 



R6 



(R1I+ (R3) 
2 



R3 (RO)-(RD 



R4 N-1 
R5 R 



(B8+Bio>«t S | R7 [(R4)+1]~ 16-IR5) a(R7)a(R6) 

B8+B10 

i [(R0)+1-B 5 ]»iB7+B 9 ) 
• ? 



[IR0)+1]»t c 



B2*tsl 



n =N+ R 



3+B10 B 8 +B 10 



R9 



(B8+B 10 )-1 



s H -B 6 (B8+Bio>t S | 
B2 
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In Figures 20 and 21, worksheet example calculations are 
shown for 32 x 16 and 80 x 24 display formats respectively. 
The following items are keyed to the figures. Basic para- 
meters (T) through © have been provided, items © 
through (4) are data about the CRT monitor and items © 
through (JO) are data about the user's desired display. 

© Calculate the approximate dot frequency. The user 
should verify that the bandwidth of his CRT 
monitor will accomodate this frequency 

© Calculate RO. The resultant answer will usually be 
an integer plus a fraction. Assume the next high 
integer. 

SFill in value for R1. 
Calculate R3. Use the next highest integer In these 
examples the sync width was chosen to be one 
third of the horizontal blanking interval. 
© Calculate R2. Again, use the next highest integer 
© Calculate t c , character tie. This is the time required 
for one scan line of one character block to be 
written. 

© Calculate the exact dot frequency. 

© Calculate t S |, scan line time This is the time re- 
quired for one scan line of one character row to be 
written including retrace time 



© Calculate n. This is the total number of scan lines 

for each frame Discard any fraction.' 
© Calculate N and R. 
© Calculate R4. 

§Fill in R5 
Fill in R6 
Calculate R7. If there is no possible value for R7, 
then the display demands for the CRT monitor ex- 
ceed its capability A compromise adjustment must 
be made in basic parameter 6, 8, or 10 

t Calculate R9 
Calculate t cr This the time required for one char- 
acter row to be written 
© Calculate th r t nr >B3 
@ Calculate t vr t vr >B4 

In Figure 20, calculation © verifies that the vertical period is 
16 667 milliseconds or 60 hertz The expression used is 

t cr x[|R4) + 1| + [t sl x(R5)] = V P 

Another check is calculation of horizontal sync pulse width 
R3 t c=PW|HS (typically approximately equals 4 
microseconds) 

For convenience, a blank worksheet is provided in Figure 

22 



Basic Parameters (B1-B10) 



1 Horizontal frequency 



2 Vertical frequency 



FIGURE 20 - CRTC WORKSHEET EXAMPLE CALCULATION (32 x 16) 
Intermediate Calculations 



Symbol 

15750 ±5O0 © f 

60 © t c 



32 x (5 + 2) 
1 - 11x 10-< 
15750 



Register Calculations 
Value Register Decimal Hex 

= 4 27 x 1Q6 ©R0 4 27 x 1Q6 38 26 
15,750x(5 + 2) 



3 Minimum Horizontal 
retrace time 

4. Minimum vertical 
retrace time 

5 t of displayed 
characters per row 

6 # of displayed 
charactor rows 

7 § of dots in character = 
dot matrix row 

8 t of scan lines in char- 
actor • matrix column 

9 Number of dots between = . 
horizontal adjacents 

10 Number of scan lines 
between vertical 
adjacents 

0 16+1- £(R7)216 

17- 6a(R7)a16 




32 



9) n 



J6 (10) N 



© tcr 
®'hr 



39 x 15750 

5 + 2 
1 63x10-6 

39x1 63x10 -6 

1 

60 x 63 6x 10 -6 



262 
7 + 8 

(7 + 81x63 6x10 -6 



(38+1-32W5+2) 
4 29 x 106 



= 1 63x10-6 © R1 
©R2 



= 63 6x 10-6 



262 



©R3 

©R4 
@R5 



J7 @R6 

©R7 

_7 

R8 



-1 = 

B 5 = 32 

32 + 3 
2 

38 - 32 = 
3 

17-1 = 
R = 7 
B 6 =16 

® 



32 



20 



33 



10 



= 954x 10 - 6 ©R9 7 + 8-1; 
R10 



= 11 42x10-6 



_8 © t vr [ 15750 -16(7 + 8)1x63 6x10-6 = 1 431x10~3 



© 954x 10 - 6x17=16 218x10 -3 
+ 63 6x 10 - 6 x 7 = 445x10 - 3 1 



16 663 ms 



R11 
R12 
R13 
R14 
R15 



f«60Hz 
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FIGURE 21 - CRTC WORKSHEET EXAMPLE CALCULATION (80 x 24) 



Basic Parameters (B1 -BIO) 



1 Horizontal frequency 



2 Vertical frequency 



3 Minimum Horizontal 
retrace time 

4 Minimum vertical = 
retrace time 

5 # of displayed 
characters per row 

6 # of displayed = 
charactor rows 

7 t of dots in character = 
dot matrix row 

8 I of scan lines in char- 
actor • matrix column 

9 Number of dots between = 
horizontal adiacents 

10 Number of scan lines = 
between vertical 
adjacents 

®(27 + 1)-(1^2l fcR7a24 
26 72aR7a:24 



Symbol 

18,600 Q f 



Intermediate Calculations 



80»(7 + 2) 
I™ -11x10-6 



Register Calculations 



Value Register 



60 



1 



(100+1)»18600 
7+2 



_80 @ n 

_24 @ N 



(60)153 76x 10 - 6) 



R 



_9 © «cr 

_2 ® thr 



532 31 x 10-9 



16 907x106 



11 x 10-6 Q f 

532 31x10 -9 

1x10-3 0 t s | (100+1)1532 31x 10 - 9) 53 76x 10 ~6 



0R1 
'©R2 

0R3 



28 



(18,6001(9) 

B5 = 80 

80+2 
2 

R0-R1 
3 

28-1 
R = 2 
B6 = 24 
® 



310 2 
11 

(9 + 21(53 76x10 - 6) 591 39x 10 "6 



S (101-80X7 + 2) 
16 907x 106 



— © tvf =[y-24(1li]53 76x10 - 6 2 47x 10 -3 



® B2 = 1/[(t cr )(R4+1) + (t S |)(R5)J 

= 1/1(591 39 x 106)(28) + (53 76x10 - 6)(2)] 
= 1/16 667x 10 -3 
= 60 



0R4 

310 0R5 

@R6 
0R7 
R8 

0R9 (9 + 21-1 
R10 

11 17x10-6 R1l 

R12 
R13 
R14 
R15 



Decimal 


Hex 


I 100 


64 


80 50 


84 


54 


7 


07 


27 


1B 


02 


02 


24 


18 


25 19 


0 


0 


10 


OA 


00 


00 


11 


0B 


00 


128 


80 


128 


00 


80 
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FIGURE 22 - CRTC WORKSHEET 

Basic Parameters Intermediate Calculations Register Calculations 

Symbol Value Register Decimal Hex 

1 Horizontal frequency = f RO 

2 Vertical frequency = l c R1 

R2 

3 Minimum Horizontal = f ^ 
retrace time 

R4 

4 Minimum vertical = *sl R 5 
retrace time 

R6 



5 # of displayed n R7 

characters per row 

R8 

6. § of displayed = N R9 

charactor rows 

RIO 

7 # of dots in character R R11 
dot matrix row 

n 12 

8 # of scan lines in char- = l cr R13 

actor • matrix column „,„ 

R14 

9 Number of dots between = l hr R15 
horizontal adjacents R16 

10 Number of scan lines = l vr 

between vertical R13 

adiacents 

R19 



CRTC INITIALIZATION 

Register R0-R15 must be initialized after the system is 
powered up. The processor will normally load the CRTC 
register file from a firmware table. The program required to 
initialize the CRTC for a 80 x 24 format (example calculation 
#2) is shown in Figure 23 

The CRTC registers will have an initial value at power up 
When using a direct drive monitor (sans horizontal oscillator) 
these initial values may result in out-of-tolerance operation 
CRTC programming should be done immediately after power 
up especially in this type of system 

ADDITIONAL CRTC APPLICATIONS 

The foremost system function which may be performed by 
the CRTC controller is the refreshing of dynamic RAM This 



is quite simple as the refresh addresses continually run 

Note that the LPSTB input may be used to support addi- 
tional system functions other than a light pen A digital-to- 
analog converter (DAC) and comparator could be configured 
to use the refresh addresses as a reference to a DAC com- 
posed of a resistive adder network connected to a com- 
parator The output of the comparator would generate the 
LPSTB input signifying a match between the refresh address 
analog level and the unknown voltage 

The light-pen strobe input could also be used as a 
character strobe to allow the CRTC refresh addresses to 
decode a keyboard matrix Debouncing would need to be 
done in software 

Both the VS and HS outputs may be used as a real-time 
clock Once programmed, the CRTC will provide a stable 
reference frequency 
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FIGURE 23 - MC6800 PROGRAM FOR CRTC INITIALIZATION 



PAGE 001 CRTCINIT.SA:0 MC6845 CRTC Initialization Program 



00001 
00002 
00003 
00004 
00005 
00006 

00007 9000 

00008 9001 
00009 
00010 
00011 

0001 2A 0000 
0001 3A 0000 5F 
0001 4A 0001 CE 1020 A 
0001 5A 0004 F7 9000 A 
0001 6A 0007 A6 00 A 
0001 7A 0009 B7 9001 A 
0001 8A 000C 08 
0001 9A 000D 5C 
00020A 000E CI 10 A 
00021 A 0010 26 F2 0004 
00O22A 0012 3F 
00023 
00024 
00025 

00026A 1020 

0002 7A 1020 65 A 

A 1021 50 A 
00028A 1022 56 A 

A 1023 09 A 
00029A 1024 18 A 

A 1025 OA A 
00030A 1026 18 A 

A 1027 18 A 
00031 A 1028 00 A 

A 1029 OB A 
00032A 102A 00 A 

A 102B OB A 
00033A 102C 0080 A 
00034A 102E 0080 A 
00035 

TOTAL ERRORS 00000-00000 



NAM MC6845 

TTL / MC6845-1 CRTC initialization program 
OPT G,S,LLE=85 print FCB's, FDB's & XREF table 
******************************************************** 

* Assign CRTC addresses 
* 

A CRTCAD EQU $9000 Address Register 
A CRTCRG EQU CRTCAD+1 Data Register 
****************************************** 



* Initialization program 
* 

ORG 0 
CLRB 

LDX #CRTTAB 
CRTC1 STAB CRTCAD 
LDAA 0,X 
STAA CRTCRG 
INX 
INCB 

CMPB $1 0 
BNE CRTC1 
SWI 

******************************************************** 



a place to start 

clear counter 

table pointer 

load address register 

get register value from table 

program register 

increment counters 

fini shed? 
no: take branch 
yes: call monitor 



* CRTC register initialization table 

* 80 x 24 non-interlaced format 
ORG $1020 start of table 

CRTTAB FCB $64, $50 RO, Rl - H total & H displayed 

FCB $54, $07 R2, R3 - HS pos. & HS width 

FCB $1B,$02 R4, R5 - V total & V total adj. 

FCB $18, $19 R6, R7 - V displayed $ VS pos. 

FCB $00,$0A R8, R9 - Interlace & Max scan line 

FCB $00,$0B R10.R11- Cursor start & end 

FDB $0080 R12.R13- Start Address 
FDB $0080 R14.R15- Cursor Address 
END 



CRTC1 0004 CRTCAD 9000 CRTCRG 9001 CRTTAB 1020 
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ORDERING INFORMATION 



Package Type 


Frequency (MHz) 


Temperature 


Order Number 


Cerdip 


1 0 


0°C to 70°C 


MC6845S 


S Suffix 


1.0 


-40°C to + 85°C 


MC6845CS 




1 5 


0°C to 70°C 


MC68A45S 




1.5 


-40°C to +85°C 


MC68A45CS 




2.0 


0°C to 70°C 


MC68B45S 


Plastic 


1.0 


0°C to 70°C 


MC6845P 


P Suffix 


1 0 


-40°Cto + 85°C 


MC6845CP 




1.5 


0°C to 70°C 


MC68A45P 




1 5 


-40°Cto +85X 


MC68A45CP 




2.0 


0°C to 70°C 


MC68B45P 



PIN ASSIGNMENT 
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ASYNCHRONOUS COMMUNICATIONS 
INTERFACE ADAPTER (ACIA) 

The MC6850 Asynchronous Communications Interface Adapter provides the data formatting and 
control to interface serial asynchronous data communications information to bus organized systems 
such as the MC6800 Microprocessing Unit. 

The bus interface of the MC6850 includes select, enable, read/write, interrupt and bus interface 
logic to allow data transfer over an 8-bit bidirectional data bus. The parallel data of the bus system 
is serially transmitted and received by the asynchronous data interface, with proper formatting and 
error checking. The functional configuration of the ACIA is programmed via the data bus during 
system initialization. A programmable Control Register provides variable word lengths, clock divi- 
sion ratios, transmit control, receive control, and interrupt control. For peripheral or modem opera- 
tion, three control lines are provided. These lines allow the ACIA to interface directly with the 
MC6860L 0-600 bps digital modem. 

• 8- and 9-Bit Transmission 

• Optional Even and Odd Parity 

• Parity, Overrun and Framing Error Checking 

• Programmable Control Register 

• Optional -1, -16, and -64 Clock Modes 

• Up to 1.0 Mbps Transmission 

• False Start Bit Deletion 

• Peripheral/Modem Control Functions 

• Double Buffered 

• One- or Two-Stop Bit Operation 



MC6850 ASYNCHRONOUS COMMUNICATIONS INTERFACE ADAPTER 
BLOCK DIAGRAM 



Address 
Control 

and 
I nterrupt 



Data 
Bus 
Buffers 



Selection 

and 
Control 



•>» Transmitter 



Receiver 



Peripheral/ 
Modem 
Control 



Transmit 
Data 



Receive 
Data 
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MAXIMUM RATINGS 



This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. Reliability of operation is 
enhanced if unused inputs are tied to an ap- 
propriate logic voltage level (e g , either Vss 
THERMAL CHARACTERISTICS or V CC> 



Characteristic 


Symbol 


Value 


Unit 


Thermal Resistance 


«JA 




°C/W 


Plastic 


120 




Cerdip 




65 





Characteristics 


Symbol 


Value 


Unit 


Supply Voltage 


v C c 


-0 3 to +7.0 


V 


Input Voltage 


V,n 


-0 3 to +7 0 


V 


Operating Temperature Range 
MC6850, MC68A50, MC68B50 
MC6850C, MC68A50C 


TA 


T L to T H 
0 to 70 
-40 to +85 


°C 


Storage Temperature Range 


T stg 


-55 to +150 


°C 



POWER CONSIDERATIONS 



The average chip-junction temperature, Tj, in °C can be obtained from 1 

Tj = Ta+<Pd»0JA> (1 > 

Where: 

Ta» Ambient Temperature, °C 

0JA" Package Thermal Resistance, Junction-to-Ambient, °C/W 
PD»P|NT+PPORT 

P|NT m| CC x V CC Watts - Chip Internal Power 
PpORT = Port Power Dissipation, Watts — User Determined 
For most applications PpORT"<P|NT and ca n be neglected. PpoRT mav become significant if the device is configured to 
drive Darlington bases or sink LED loads. 
An approximate relationship between Pq and Tj (if PpoRT is neglected) is: 

PD=K + n"j + 273°C) (2) 
Solving equations (1) and (2) for K gives: 

K=P D »(Ta + 273°C) + 0ja«Pd2 (3) 
Where K is a constant pertaining to the particular part K can be determined from equation (3) by measuring Pq (at 
equilibrium) for a known Ta- Using this value of K, the values of Pp and Tj can be obtained by solving equations (1) and (2) 
iteratively for any value of Ta 




DC ELECTRICAL CHARACTERISTICS (V C c = 5.0 Vdc ±5%, Vss = 0, Ta=T|_ to Th unless otherwise noted ) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Input High Voltage 


V|H 


V S S + 2.0 




VCC 


V 


Input Low Voltage 


V|L 


Vss -0.3 




Vss + 0.8 


V 


Input Leakage Current R/W, CS0, CS1, CS2, Enable 
(V, n = 0 to 5.25 V) RS, RxD, RxC, CTS, DCD 


l,n 




1.0 


25 


/*A 


Hi-Z (Off State) Input Current D0-D7 
(V in = 0 4to2 4V) 


'TSI 




2.0 


10 


fA 


Output High Voltage 

(l|_oad= -205 pA, Enable Pulse Width <25 /is) D0-D7 
dLoad= -lOOfiA, Enable Pulse Width < 25 ps) TxData, RTS 


voh 


Vss + 24 
Vss+24 






V 


Output Low Voltage 0i_oad= 1-6 mA, Enable Pulse Width < 25 ^s) 


vol 






Vss + 0.4 


V 


Output Leakage Current (Off State) (Voh = 2.4 V) IRQ 1 


iloh 




1.0 


10 


MA 


Internal Power Dissipation (Measured at Ta = 0 c C) 


pint 




300 


525 » 


mW 


Internal Input Capacitance 
(V, n = 0,TA = 25°C,f=1 0MHz) D0-D7 
E, Tx CLK, Rx CLK, R/W, RS, Rx Data, CS0, CS1, CS2, CT5, DCD 


Cm 




10 

7.0 


12.5 
75 


PF 


Output Capacitance RTS, Tx Data 
<V|n = 0,TA = 25 o C,f=1.0MHz) TEC 


C 0 ut 






10 
50 


PF 



*For temperatures less than Ta = 0°C, Pint maximum will increase 
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SERIAL DATA TIMING CHARACTERISTICS 



Characteristic 


Symbol 


MC6850 


MC68A50 


MC68B50 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


Data Clock Pulse Width, Low ■*■ 16, +64 Modes 
(See Figure 1) -<-1Mode 


PW CL 


600 
900 


- 


450 
650 


- 


280 
500 


- 


ns 


Data Clock Pulse Width, High ■*■ 16, ■+• 64 Modes 
(See Figure 2) -»- 1 Mode 


PW CH 


600 
900 




450 
650 




280 
500 




ns 


Data Clock Frequency ■*■ 16, +64 Modes 

- 1 Mode 


fc 




0.8 
500 




1.0 
750 




1 5 
1000 


MHz 
kHz 


Data Clock-to-Data Delay for Transmitter (See Figure 3) 


tTDD 




600 




540 




460 


ns 


Receive Data Setup Time (See Figure 4) ■*■ 1 Mode 


tRDS 


250 




100 




30 




ns 


Receive Data Hold Time ( See Figure 5) -•- 1 Mode 


tRDH 


250 




100 




30 




ns 


Interrupt Request Release Time (See Figure 6) 


t|R 




1.2 




0.9 




0.7 


f«s 


Request-to-Send Delay Time (See Figure 6) 


tRTS 




560 




480 




400 


ns 


Input Rise and Fall Times (or 10% of the pulse width if smaller) 


tr. tf 




1 0 




0.5 




0.25 





FIGURE 1 - CLOCK PULSE WIDTH, LOW-STATE 
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FIGURE 2 - CLOCK PULSE WIDTH, HIGH-STATE 
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or 
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FIGURE 3 - TRANSMIT DATA OUTPUT DELAY 




/ 



x 



FIGURE 4 - RECEIVE DATA SETUP TIME 
(+1 Mode) 



•DC 



tRDS 



FIGURE 5 - RECEIVE DATA HOLD TIME 
( + 1 Mode) 



/ 



tRDH 



X 



FIGURE 6 - REQUEST-TO-SEND DELAY AND 
INTERRUPT-REQUEST RELEASE TIMES 



X 



_t RTS 



t|R" 



Note: Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise noted 
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BUS TIMING CHARACTERISTICS (See Notes 1 and 2 and Figure 7) 



Ident. 
Number 


Characteristic 


Symbol 


MC6850 


MC68A50 


MC68B50 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


1 


Cycle Time 


tc c 


1 0 


10 


0 67 


10 


0.5 


10 


us 


2 


Pulse Width, E Low 


PWel 


430 


9500 


280 


9500 


210 


9500 


ns 


3 


Pulse Width, E High 


PW EH 


450 


9500 


280 


9500 


220 


9500 


ns 


4 


Clock Rise and Fall Time 


tr. tf 




25 




25 




20 


ns 


9 


Address Hold Time 


1AH 


10 




10 




10 




ns 


13 


Address Setup Time Before E 


'AS 


80 




60 




40 




ns 


14 


Chip Select Setup Time Before E 


tcs 


80 




60 




40 




ns 


15 


Chip Select Hold Time 


tCH 


10 




10 




10 




ns 


18 


Read Data Hold Time 


'DHR 


20 


50* 


20 


50* 


20 


50* 


ns 


21 


Write Data Hold Time 


'DHW 


10 




10 




10 




ns 


30 


Output Data Delay Time 


'DDR 




290 




180 




150 


ns 


31 


Input Data Setup Time 


1DSW 


165 




80 




60 




ns 



'The data bus output buffers are no longer sourcmg or sinking current by tDHRmax ' Hl 9h Impedance) 
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FIGURE 7 - BUS TIMING CHARACTERISTICS 
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(30) 



MPU Read Data Non-Muxed 



MPU Write Data Non-Muxed 



1 Voltage levels shown are V|_s0 4 V, Vh^2 4 V, unless otherwise specified 

2 Measurement points shown are 0 8 V and 2 0 V, unless otherwise specified 
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FIGURE 8 - BUS TIMING TEST LOADS 
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FIGURE 9 - EXPANDED BLOCK DIAGRAM 
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DEVICE OPERATION 

At the bus interface, the ACIA appears as two addressable 
memory locations Internally, there are four registers two 
read-only and two write-only registers The read-only 
registers are Status and Receive Data, the write-only 
registers are Control and Transmit Data The serial interface 
consists of serial input and output lines with independent 
clocks, and three peripheral/modem control lines 

MASTER RESET 

The master reset (CRO, CRD must be set immediately after 
power-up to insure the reset condition and prepare for pro- 
gramming the ACIA functional configuration when the com- 
munications chann el is required. During the first master 
reset, the IRQ and RTS outpu ts are held at level 1. On all 
other master resets, the RTS output can be programmed 
high or low with the IRQ output held high Control bits CR5 
and CR6 should also be programmed to define the state of 
RTS whenever master reset is utilized After master resetting 
the ACIA, the programmable Control Register can be set for 



a number of options such as variable clock divider ratios, 
variable word length, one or two stop bits, and parity (even, 
odd, or none) 

TRANSMIT 

A typical transmitting sequence consists of reading the 
ACIA Status Register either as a result of an interrupt or in 
the ACIA's turn in a polling sequence. A character may be 
written into the Transmit Data Register if the status read 
operation has indicated that the Transmit Data Register is 
empty. This character is transferred to a Shift Register where 
it is serialized and transmitted from the Transmit Data output 
preceded by a start bit and followed by one or two stop bits. 
Internal parity (odd or even) can be optionally added to the 
character and will occur between the last data bit and the 
first stop bit After the first character is written in the Data 
Register, the Status Register can be read again to check for a 
Transmit Data Register Empty condition and current 
peripheral status If the register is empty, another character 
can be loaded for transmission even through the first 
character is in the process of being transmitted (because of 
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double buffering). The second character will be automatical- 
ly transferred into the Shift Register when the first character 
transmission is completed. This sequence continues until all 
the characters have been transmitted. 

RECEIVE 

Data is received from a peripheral by means of the Receive 
Data input. A divide-by-one clock ratio is provided for an ex- 
ternally synchronized clock (to its data) while the divide- 
by-16 and 64 ratios are provided for internal synchronization. 
Bit synchronization in the divide-by-16 and 64 modes is in- 
itiated by the detection of 8 or 32 low samples on the receive 
line in the divide-by-16 and 64 modes respectively. False start 
bit deletion capability insures that a full half bit of a start bit 
has been received before the internal clock is synchronized 
to the bit time. As a character is being received, parity (odd 
or even) will be checked and the error indication will be 
available in the Status Register along with framing error, 
overrun error, and Receive Data Register full. In a typical 
receiving sequence, the Status Register is read to determine 
if a character has been received from a peripheral. If the 
Receiver Data Register is full, the character is placed on the 
8-bit ACI A bus when a Read Data command is received from 
the MRU. When parity has been selected for a 7-bit word (7 
bits plus parity), the receiver strips the parity bit (D7 = 0) so 
that data alone is transferred to the MPU This feature 
reduces MPU programming. The Status Register can con- 
tinue to be read to determine when another character is 
available in the Receive Data Register. The receiver is also 
double buffered so that a character can be read from the 
data register as another character is being received in the 
shift register. The above sequence continues until all 
characters have been received 



INPUT/OUTPUT FUNCTIONS 

ACIA INTERFACE SIGNALS FOR MPU 

The ACIA interfaces to the M6800 MPU with an 8-bit 
bidirectional data bus, three chip select lines, a register select 
line, an interrupt request line, read/write line, and enable 
line. These signals permit the MPU to have complete control 
over the ACIA. 

ACIA Bidirectional Data (D0-D7) - The bidirectional data 
lines (DO-D7) allow for data transfer between the ACIA and 
the MPU. The data bus output drivers are three-state devices 
that remain in the high-impedance (off) state except when 
the MPU performs an ACIA read operation. 

ACIA Enable (E) - The Enable signal, E, is a high- 
impedance TTL-compatible input that enables the bus in- 
put/output data buffers and clocks data to and from the 
ACIA. This signal will normally be a derivative of the MC6800 
<t>2 Clock or MC6809 E clock. 

Read/Write (R/W) - The Read/Write line is a high- 
impedance input that is TTL compatible and is used to con- 
trol the direction of data flow through the ACIA's input/out- 
put data bus interface. When Read/Write is high (MPU Read 
cycle), ACIA output drivers are turned on and a selected 
register is read. When it is low, the ACIA output drivers are 



turned off and the MPU writes into a selected register. 
Therefore, the Read/Write signal is used to select read-only 
or write-only registers within the ACIA. 

Chip Select (CSO, CS1, CS2) - These three high- 
impedance TTL-compatible input lines are used to address 
the ACIA The ACIA is selected when CSO and CS1 are high 
and CS2 is low. Transfers of data to and from the ACIA are 
then performed under the control of the Enable Signal, 
Read/Write, and Register Select 

Register Select (RS) — The Register Select line is a high- 
impedance input that is TTL compatible. A high level is used 
to select the Transmit/ Receive Data Registers and a low 
level the Control/Status Registers. The Read/ Write signal 
line is used in conjunction with Register Select to select the 
read-only or write-only register in each register pair. 

Interrupt Request (IRQ) - Interrupt Request is a TTL- 
compatible, open-drain (no internal pullup), activ e low out- 
put that is used to interrupt the MPU The IRQ output re- 
mains low as long as the cause of the interrupt is present and 
the appropriate interrupt enable within t he A CIA is set. The 
IRQ status bit, when high, indicates the IRQ output is in the 
active state 

Interrupts result from conditions in both the transmitter 
and receiver sections of the ACIA The transmitter section 
causes an interrupt when th e Tra nsmitter Interrupt Enabled 
condition is selected (CR5»CR6), and the Transmit Data 
Register Empty (TDRE) status bit is high The TDRE status 
bit indicates the current status of the Transmi tter Data 
Register except when inhibited by Clear-to-Send (CTS) be- 
ing high or the ACIA being maintained in the Reset condi- 
tion. The interrupt is cleared by writing data into the 
Transmit Data Register The interrupt is masked by disabling 
the T ransmitter Interrupt via CR5 or CR6 or by the loss of 
CTS which inhibits the TDRE status bit. The Receiver sec- 
tion causes an interrupt when the Receiver Interrupt Enable 
is set and the Receive Data Register Full (RDRF) statu s bit is 
high, an Overrun has occurred, or Data Carrier Detect (DCD) 
has gone high An interrupt resulting from the RDRF status 
bit can be cleared by reading data or re setting the ACIA In- 
terrupts caused by Overrun or loss of DCD are cleared by 
reading the status register after the error condition has oc- 
curred and then reading the Receive Data Register or reset- 
ting the ACIA. The receiver interrupt is masked by resetting 
the Receiver Interrupt Enable 

CLOCK INPUTS 

Separate high-impedance TTL-compatible inputs are pro- 
vided for clocking of transmitted and received data. Clock 
frequencies of 1, 16, or 64 times the data rate may be 
selected. 

Transmit Clock (Tx CLK) - The Transmit Clock input is 
used for the clocking of transmitted data. The transmitter in- 
itiates data on the negative transition of the clock. 

Receive Clock (Rx CLK) - The Receive Clock input is 
used for synchronization of received data. (In the ->- 1 mode, 
the clock and data must be synchronized externally ) The 
receiver samples the data on the positive transition of the 
clock. 
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SERIAL INPUT/OUTPUT LINES 

Receive Data (Rx Data) - The Receive Data line is a high- 
impedance TTL-compatible input through which data is 
received in a serial format. Synchronization with a clock for 
detection of data is accomplished internally when clock rates 
of 16 or 64 times the bit rate are used. 

Transmit Data (Tx Data) - The Transmit Data output line 
transfers serial data to a modem or other peripheral. 

PERIPHERAL/MODEM CONTROL 

The ACIA includes several functions that permit limited 
control of a peripheral or modem. The functions included are 
Clear-to-Send, Request-to-Send and Data Carrier Detect. 

Clear-to-Send (CTS) — This high-impedance TTL- 
compatible input provides automatic control of the transmit- 
ting end of a communications link via the modem Clear-to- 
Send active low output by inhibiting the Transmit Data 
Register Empty (TDRE) status bit. 

Request-to-Send (RTS) - The Request-to-Send output 
enables the MPU to control a peripheral or modem via the 
data bus. The RTS output corresponds to the state of the 
Control Register bits CR5 a nd CR6 When CR6=0 or both 
CR5 and CR6= 1, the RTS output is low (the active state) 
This output can also be used for Data Terminal Ready (DTR). 

Data Carrier Detect (DCD) - This high-impedance TTL- 
compatible input provides automatic control, such as in the 
receiving end of a communications lin k by means of a 
modem Data Carrier Detect output The DCD input inhibits 
and initializes the receiver section of the ACIA when high. A 
low-to-high transition of the Data Carrier Detect initiates an 
interrupt to the MPU to indicate the occurrence of a loss of 
carrier when the Receive Interrupt Enab le bit is set. The 
Rx CLK must be running for proper DCD operation. 



ACIA REGISTERS 

The expanded block diagram for the ACIA indicates the in- 
ternal registers on the chip that are used for the status, con- 
trol, receiving, and transmitting of data. The content of each 
of the registers is summarized in Table 1 . 

TRANSMIT DATA REGISTER (TDR) 

Data is written in the Transmit Data Register during the 
negative transition of the enableJE) when the ACIA has been 
addressed with RS high and R/W low. Writing data into the 
register causes the Transmit Data Register Empty bit in the 
Status Register to go low. Data can then be transmitted. If 
the transmitter is idling and no character is being transmit- 
ted, then the transfer will take place within 1-bit time of the 
trailing edge of the Write command. If a character is being 
transmitted, the new data character will commence as soon 
as the previous character is complete. The transfer of data 
causes the Transmit Data Register Empty (TDRE) bit to in- 
dicate empty. 

RECEIVE DATA REGISTER (RDR) 

Data is automatically transferred to the empty Receive 
Data Register (RDR) from the receiver deserializer (a shift 
register) upon receiving a complete character. This event 
causes the Receive Data Register Full bit (RDRF) in the 
status buffer to go high (full). Data may then be read 
through the bus by addressing the ACIAand selecting the 
Receive Data Register with RS and R/W high when the 
ACIA is enabled. The non-destructive read cycle causes the 
RDRF bit to be cleared to empty although the data is re- 
tained in the RDR. The status is maintained by RDRF as to 
whether or not the data is current When the Receive Data 
Register is full, the automatic transfer of data from the 
Receiver Shift Register to the Data Register is inhibited and 
the RDR contents remain valid with its current status stored 
in the Status Register. 



TABLE 1 - DEFINITION OF ACIA REGISTER CONTENTS 



Data 
Bus 
Line 
Number 


Buffer Address 


RS • R/W 
Transmit 

Data 
Register 


RS • R/W 
Receive 

Data 
Register 


RS • R7W 

Control 
Register 


RS • R/W 

Status 
Register 


(Write Only) 


(Read Only! 


(Write Only) 


(Read Only) 


0 


Data Bit 0* 


Data Bit 0 


Counter Divide 
Select 1 (CRO) 


Receive Data Register 
Full 1RDRF) 


1 


Data Bit 1 


Data Bit 1 


Counter Divide 
Select 2 iCR1) 


Transmit Data Register 
Empty (TDRE) 


2 


Data Bit 2 


Data Bit 2 


Word Select 1 
(CR2) 


Data Carrier Detect 
(DCD) 


3 


Data Bit 3 


Data Bit 3 


Word Select 2 
(CR3) 


Clear to Send 
(CT5) 


4 


Data Bit 4 


Data Bit 4 


Word Select 3 
ICR4) 


Framing Error 
(FE) 


5 


Data Bit 5 


Data Bit 5 


Transmit Control 1 
ICR5) 


Receiver Overrun 
IOVRN) 


6 


Data Bit 6 


Data Bit 6 


Transmit Control 2 
(CR6) 


Parity Error |PE) 


7 


Data Bit T • ' 


Data Bit 7" 


Receive Interrupt 
Enable (CR7) 


Interrupt Request 
(IRQ) 



• Leading bit = LSB = Bit 0 
• • Data bit will be zero in 7 bit plus parity modes 
' * ' Data bit is "don't care" in 7 bit plus parity modes 
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CONTROL REGISTER 

The ACIA Control Register consists of eight bits of write- 
only buffer that are selected when RS and R/W are low. This 
register controls the function of the receiver, transmitter, in- 
terrupt enables, and the Request-to-Send peri- 
pheral/modem control output. 

Counter Divide Select Bits (CRO and CRD - The Counter 
Divide Select Bits (CRO and CRD determine the divide ratios 
utilized in both the transmitter and receiver sections of the 
ACIA. Additionally, these bits are used to provide a master 
reset for the ACIA which clear s th e Stat us Register (except 
for external conditions on CTS and DCD) and initializes both 
the receiver and transmitter. Master reset does not affect 
other Control Register bits. Note that after power-on or a 
power fail/ restart, these bits must be set high to reset the 
ACIA. After resetting, the clock divide ratio may be selected 
These counter select bits provide for the following clock 
divide ratios: 



CR1 


CRO 


Function 


0 


0 


+ 1 


0 


1 


+ 16 


1 


0 


+ 64 


1 


1 


Master Reset 



Word Select Bits (CR2, CR3, and CR4) - The Word 
Select bits are used to select word length, parity, and the 
number of stop bits. The encoding format is as follows. 



CR4 


CR3 


CR2 


Function 


0 


0 


0 


7 Bits + Even Parity + 2 Stop Bits 


0 


0 


1 


7 Bits + Odd Parity + 2 Stop Bits 


0 


1 


0 


7 Bits+Even Parity +1 Stop Bit 


0 


1 


1 


7 Bits + Odd Parity +1 Stop Bit 


1 


0 


0 


8 Bits + 2 Stop Bits 


1 


0 


1 


8 Bits+1 Stop Bit 


1 


1 


0 


8 Bits+ Even parity + 1 Stop Bit 


1 


1 


1 


8 Bits + Odd Parity +1 Stop Bit 



Word length. Parity Select, and Stop Bit changes are not 
buffered and therefore become effective immediately. 

Transmitter Control Bits (CR5 and CR6) — Two Transmit- 
ter Control bits provide for the control of the interrupt from 
the Tra nsm it Data Register Empty condition, the Request-to- 
Send (RTS) output, and the transmission of a Break level 
(space). The following encoding format is used: 



CR6 


CR5 


Function 


0 
0 

1 
1 


0 
1 
0 

1 


RTS = low, Transmitting Interrupt Disabled 

RTS = low, Transmitting Interrupt Enabled. 

RTS = high, Transmitting Interrupt Disabled. 

RTS = low, Transmits a Break level on the 
Transmit Data Output Transmitting Inter- 
rupt Disabled. 



Receive Interrupt Enable Bit (CR7) - The following inter- 
rupts will be enabled by a high level in bit position 7 of the 
Control Register (CR7): Receive Data Register Full, Ov errun , 
or a low-to-high transition on the Data Carrier Detect (DCD) 
signal line. 



STATUS REGISTER 

Information on the status of the ACIA is available to the 
MPU by reading the ACIA Status Register. This read-only 
register is selected when RS is low and R/W is high. Infor- 
mation stored in this register indicates the status of the 
Transmit Data Register, the Receive Data Register and error 
logic, and the peripheral/ modem status inputs of the ACIA. 

Receive Data Register Full (RDRF), Bit 0 - Receive Data 
Register Full indicates that received data has been trans- 
ferred to the Receive Data Register. RDRF is cleared after an 
MPU read of the Receive Data Register or by a master reset. 
The cleared or empty state indicates that the contents of the 
Receive Data Register are not current Data Carrier Detect 
being high also causes RDRF to indicate empty. 

Transmit Data Register Empty (TDRE), Bit 1 - The 

Transmit Data Register Empty bit being set high indicates 
that the Transmit Data Register contents have been trans- 
ferred and that new data may be entered The low state in- 
dicates that the register is full and that transmission of a new 
character has not begun since the last write data command 

Data Carrier Detect (DCD), B it 2 - The Data Carrier 
Detect bit will be high when the DCD input from a modem 
has gone high to indicate that a carrier is not present Jhis bit 
going high causes an Interrupt Request to be generated 
when the Rec eive Interrupt Enable is set. It remains high 
after the DCD input is returned low until cleared by first 
reading the Status Register and t hen t he Data Register or 
until a master reset occurs. If the DCD input remains high 
after read status and read data or master reset has occurred, 
the interrupt is clear ed, the DCD status bit remains high and 
will follow the DCD input 

Clear-to-Send (CTS), Bit 3 - The Clear-to-Send bit in- 
dicates Jhe_state of the Clear-to-Send input from a modem 
A low CTS indicates that there is a Clear-to-Send from the 
modem. In the high state, the Transmit Data Register Empty 
bit is inhibited and the Clear-to-Send status bit will be high 
Master reset does not affect the Clear-to-Send status bit 

Framing Error (FE), Bit 4 - Framing error indicates that 
the received character is improperly framed by a start and a 
stop bit and is detected by the absence of the first stop bit 
This error indicates a synchronization error, faulty transmis- 
sion, or a break condition The framing error flag is set or 
reset during the receive data transfer time. Therefore, this er- 
ror indicator is present throughout the time that the 
associated character is available. 

Receiver Overrun (OVRN), Bit 5 - Overrun is an error flag 
that indicates that one or more characters in the data stream 
were lost. That is, a character or a number of characters 
were received but not read from the Receive Data Register 
(RDR) prior to subsequent characters being received The 
overrun condition begins at the midpoint of the last bit of the 
second character received in succession without a read of 
the RDR having occurred. The Overrun does not occur in the 
Status Register until the valid character prior to Overrun has 
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been read. The RDRF bit remains set until the Overrun is 
reset. Character synchronization is maintained during the 
Overrun condition. The Overrun indication is reset after the 
reading of data from the Receive Data Register or by a 
Master Reset. 

Parity Error (PE), Bit 6 - The parity error flag indicates 
that the number of highs (ones) in the character does not 
agree with the preselected odd or even parity. Odd parity is 
defined to be when the total number of ones is odd. The 
parity error indication will be present as long as the data 



character is in the RDR. If no parity is selected, then both the 
transmitter parity generator output and the receiver partly 
check results are inhibited. 

Interrupt Request (IRQ), Bit 7 - The IRQ bit indicates the 
state of the IRQ output. Any interrupt condition with its ap- 
plicable enable will be indicated in this status bit. Anytime 
the IRQ output is low the IRQ bit w ill be high to indicate the 
interrupt or service request status. IRQ is cleared by a read 
operation to the Receive Data Register or a write operation 
to the Transmit Data Register. 



ORDERING INFORMATION 




Package Type 


Frequency (MHz) 


Temperature 


Order Number 


Cerdip 


1.0 


OX to 70X 


MC6850S 


S Suffix 


1.0 


-40X to 85°C 


MC6850CS 




1.5 


0°C to 70°C 


MC68A50S 




1.5 


-40X to 85X 


MC68A50CS 




20 


OX to 70X 


MC68B50S 


Plastic 


1 0 


OX to 70X 


MC6850P 


P Suffix 


1.0 


-40X to 85X 


MC6850CP 




1.5 


OX to 70X 


MC68A50P 




1.5 


-40X to 85X 


MC68A50CP 




2.0 


OX to 70X 


MC68B50P 



PIN ASSIGNMENTS 



vssC 

Rx Data[ 
Rx CLK [ 
Tx CLK [ 
RTS C 
Tx Data [ 

IRQ[ 
CS0[ 
CS2 [ 
CS1 [ 
RS [ 

vccC 



]CTS 

1 dcd 

] DO 
]D1 
] D2 
]D3 
]D4 
]D5 
]D6 
]D7 
]E 

]R/W 
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Synchronous Serial Data Adapter (SSDA) 

The MC6852 Synchronous Serial Data Adaper provides a bidirectional serial interface for syn- 
chronous data information interchange. It contains interface logic for simultaneously transmitting a 
receiving standard synchronous communications characters in bus organized systems such as the 
M6800 Microprocessor systems. 

The bus interface of the MC6852 includes select, enable, read/write, interrupt, and bus interface 
logic to allow data transfer over an 8-bit bidirectional data bus. The parallel data of the bus system 
is serially transmitted and received by the synchronous data interface with synchronization, fill 
character insertion/deletion, and error checking. The functional configuration of the SSDA is pro,-' 
grammed via the data bus during system initialization. Programmable control registers provide con- 
trol for variable word lengths, transmit control, receive control, synchronization control,, and. " 
interrupt control. Status, timing and control lines provide peripheral or modem control. ? y 

Typical applications include floppy disk controllers, cassette or cartridge tape controllers, data 
communications terminals, and numerical control systems. 

• Programmable Interrupts from Transmitter, Receiver, and Error Detection Logic 

• Character Synchronization on One- or Two-Sync Codes t ? > 

• External Synchronization Available for Parallel-Serial Operation „1 / 

• Programmable Sync Code Register _ 

• Up to 1.5 MHz Transmission < -*'? 

• Peripheral/Modem Control Functions f ' 

• Three Bytes of FIFO Buffering on Both Transmit and Receive, ' ""' 

• 7-, 8-, or 9-Bit Transmission .- . ' 

• Optional Even and Odd Parity ~* 

• Parity, Overrun, and Underflow Status ': / 




This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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SYNCHRONOUS SERIAL DATA ADAPTER BLOCK DIAGRAM 
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Transmitter 



Sync Code 
Register 



Receive 
Data 



Transmit 
Data 



MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


v C c 


-03to +70 


V 


Input Voltage 


V,n 


-03to +70 


V 


Operating Temperature Range 
MC6852, MC68A52, MC68B52 
MC6852C, MC68A52C 


TA 


T L to T H 
0 to +70 
- 40 to +85 


°c 


Storage Temperature Range 


T stg 


-55 to + 150 


°c 



THERMAL CHARACTERISTICS 



Characteristic 


Symbol 


Value 


Unit 


Thermal Resistance 


bja 




°C/W 


Plastic Package 




120 




Cerdip Package 




65 





This device contains circuitry to protect the in- 
puts against damage due to high static voltages 
or electric fields, however, it is advsied that nor- 
mal precautions be taken to avoid application of 
any voltage higher than maximum-rated voltages 
to this high-impedance circuit Reliability of 
operation is enhanced if unused inputs are tied to 
an appropriate logic voltage level (e g , either 
Vss or Vcc) 



POWER CONSIDERATIONS 

The average chip-junction temperature, Tj, in °C can be obtained from: 

Tj = T A +(PD , ejA> (1) 

Where: 

Ta« Ambient Temperature, °C 

0jA" Package Thermal Resistance, Junction-to-Ambient, °C/W 
PD"P|NT+PP0RT 

P|NT ■ ICC x VCC Watts - Chip Internal Power 
PpORT"Port Power Dissipation, Watts - User Determined 
For most applications PpoRT^PlNT and can be neglected. PpORT may become significant if the device is configured to 
drive Darlington bases or sink LED loads. 
An approximate relationship between Pq and Tj (if PpORT is neglected) is: 

P D =K+(Tj + 273°C) 12) 
Solving equations 1 and 2 for K gives: 

K = Pd # ITA + 273°C) + 0ja»Pd 2 (3) 
Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Pp (at equilibrium) 
for a known Ta- Using this value of K the values of Pd and Tj can be obtained by solving equations ( 1 ) and (2) iteratively for any 
value of Ta. 
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DC ELECTRICAL CHARACTERISTICS (V C c = 5 0 Vdc ±5%, Vss = 0. TA=T|_to Th unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Input High Voltage 


V|H 


VSS + 2.0 






V 


Input Low Voltage 


V|L 






Vss+08 


V 


Input Leakage Current Tx CLK, Rx CLK, Rx Data, Enable, 
(V ln = 0to5 25V) RESET, RS, R/W, CS, DCD, CTS 


■in 




1 0 


2.5 


fA 


Hi-Z (Off-State) Input Current D0-D7 
(V| n = 0 4 to i 4 V, VCC = 5 2b V) 


'IZ 




2.0 


10 


/.A 


Output High Voltage 
( | |_Qg ^ s= — 205 pA, Enable Pulse Width < 25 ps) DO- D7 
^Load" ~ 100 /»A, Enable Pulse Width < 25 M s) TX Data, dTr, TUF 


v OH 


V SS + z 4 
Vss+24 






\j 


Output Low Voltage dLoad = 1 6 m A, Enable Pulse Width < 25 jis) 


vol 






Vss+04 


V 


Output Leakage Current (Off-State) (Voh = 2.4V) IRQ 


ioz 




1 0 


10 


„A 


Internal Power Dissipation (Measured at T A = 0 o C)* 


pint 




500 


630* 


mW 


Input Capacitance 

(V, n = 0, T A = 25 C C, f=1 0 MHz) D0-D7 

All Other Inputs 


Qn 






12 5 
7.5 


pF 


Output Capacitance Tx Data, SM/DTR, TUF 
(V ln = 0,T A = 25°C,f=1 0 MHz) IRQ 


'-■out 






10 
50 


PF 



•For temperatures below 0°C, the maximum value of Pint wi11 increase 



AC ELECTRICAL CHARACTERISTICS (V cc = 5 0 V ±5%, Vss = 0, T a =Tl to Th unless otherwise noted) 



Characteristic 


Symbol 


MC6852 


MC68A52 


MC68B52 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


Serial Clock Pulse Width, Low (Figure 1) 


PW CL 


700 




400 




280 




ns 


Serial Clock Pulse Width, High (Figure 2) 


PW CH 


700 




400 




280 




ns 


Serial Clock Frequency (Rx CLK, Tx CLK) 


'C 




600 




1000 




1500 


kHz 


Receive Data Setup Time (Figure 3, 7! 


tRDSU 


350 




200 




160 




ns 


Receive Data Hold Time (Figure 3) 


tRDH 


350 




200 




160 




ns 


Sync Match Delay Time (Figure 3) 


tSM 




1 0 




0.666 




0.500 


MS 


Clock-to-Data Delay for Transmitter (Figure 4) 


TDD 




1 0 




0 666 




0.500 


MS 


Transmitter Underflow (Figures 4, 6) 


tTUF 




1.0 




0666 




0500 


/*s 


DTR Delay Time (Figure 5) 


tDTR 




1 0 




0 666 




0.500 


MS 


Interrupt Request Release Time (Figure 5) 


t|R 




1 6 




1 1 




0 850 


MS 


RESET Pulse Width 


tRESET 


1.0 




0666 




0500 




MS 


CTS Setup Time (Figure 6) 


tCTS 


200 




150 




120 




ns 


DCD Setup Time (Figure 7) 


l DCD 


500 




350 




250 




ns 


Input Rise and Fall Times (Except Enable) 


t r . tf 




1 0* 




1 0* 




1 0* 


MS 



1 0 fis or 10% of the pulse width, whichever is smaller 



FIGURE 1 - CLOCK PULSE WIDTH, LOW-STATE 



FIGURE 2 - CLOCK PULSE WIDTH, HIGH-STATE 



Tx CLK 

or 
Rx CLK 



\ 



PW C L- 



r 



Tx CLK 

or 
Rx CLK 



/ \ 



•PWch 



Note Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2 0 volts, unless otherwise noted 
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FIGURE 3 - RECEIVE DATA SETUP AND HOLD TIMES AND SYNC MATCH DELAY TIME 



Dn-1 



Rx CLK 



tRDSU " 



tRDH" 



DO 



f 1 :«« MT 



n = Number of Bits in Character 
K\N = Don't Care 



Sync Match 



tSM 



r 



-1 Rx CLK Period- 



FIGURE 4 - TRANSMIT DATA OUTPUT DELAY AND 
TRANSMITTER UNDERFLOW DELAY TIME 



FIGURE 5 - DATA TERMINAL READY AND INTERRUPT 
REQUEST RELEASE TIMES 



TxCLK "\ 7 \ 



tTDD- 
Tx Data 



X 



tTUF- 



TUF 



-Tx CLK High 
f Period — > 



n = Number of bits in character 



Enable 



y\ DTR 



IRQ 



x 



•tDTR 



-t|R 



FIGURE 6 - CLEAR-TO-SEND SETUP TIME 



FIGURE 7 - DATA CARRIER DETECT SETUP TIME 



CTS 



Tx CLK 



Tx Data 



tCTS 



j — ^ r 



tTDD- 



X 



DCD 



Rx CLK 




© ® ® 



Notes. 

a Must occur before DCD goes low. 
b First data bit placed in Rx shift register 

c. Last data bit of byte placed in Rx shift register. 

d. Rx data byte transferred from shift re gister to Rx FIFO. 

e Clock edge required for generation of IRQ by RDA status 
Note: Refer to Figure 3 for the Rx data setup and hold times 



Note: Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2 0 volts, unless otherwise noted. 
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BUS TIMING TEST LOADS 



Lo ad A 

(D0-D7. DT1T, Tx Data, TUF) 
5.0 V 




V. MMD7000 
^ t or Equiv. 



Load B 
(TRUOnly) 



5.0 V 



•3k0 



Test Point °- 



?k 100 pF 



C=130pFfor D0-D7 
= 30 pF for DTTT, Tx Data, and TUF 



R = 11.7 kO for D0-D7 
= 24 kO for DTR, Tx Data, and TUF 



BUS TIMING CHARACTERISTICS (See Notes 1 and 2) 



Indent 
Number 


Characteristic 


Symbol 


MC6862 


MC68A52 


MC68B52 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


1 


Cycle Time 


'eye 


1.0 


10 


0.67 


10 


0.5 


10 


MS 


2 


Pulse Width, E Low 


PW EL 


430 




280 




210 




ns 


3 


Pulse Width, E High 


PW EH 


450 




280 




220 




ns 


4 


Clock Rise and Fall Time 


tr. tf 




25 




25 




20 


ns 


9 


Address Hold Time 


l AH 


10 




10 




10 




ns 


13 


Address Setup Time Before E 


tAS 


80 




60 




40 




ns 


14 


Chip Select Setup Time Before E 


tcs 


80 




60 




40 




ns 


15 


Chip Select Hold Time 


tCH 


10 




10 




10 




ns 


18 


Read Data Hold Time 


tDHR 


20 


50 # 


20 


50* 


30 


50* 


ns 


21 


Write Data Hold Time 


*DHW 


10 




10 




10 




ns 


30 


Output Data Delay Time 


tDDR 




290 




180 




150 


ns 


31 


Input Data Setup Time 


tDSW 


165 




80 




60 




ns 



'The data bus output buffers are no longer sourcing or sinking current by tQHRTiax (High Impedance). 

FIGURE 8 - BUS TIMING CHARACTERISTICS 
(READ/WRITE INFORMATION) 



R/W, Address ' 
(Non-Muxed) 



mm 



CS 



Read Data 
Non-Muxed 



Write Data 
Muxed 



<D- 



X 



I v.v- 



7 

f->- 



18] 



-©- 



'1 



■% 



MPU Read Data Non-Muxed 



MPU Write Data Non-Muxed 



Notes: 

1. Voltage levels shown are V|_s0.4 V, Vh^2.4 V, unless otherwise specified. 

2. Measurement points shown are 0 8 V and 2.0 V, unless otherwise specified. 



© 
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EXPANDED BLOCK DIAGRAM 
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DEVICE OPERATION 

At the bus interface, the SSDA appears as two ad- 
dressable memory locations. Internally, there are seven 
registers: two read-only and five write-only registers. The 
read-only registers are Status and Receive Data; the write- 
only registers are Control 1 , Control 2, Control 3, Sync Code 
and Transmit Data. The serial interface consists of serial in- 
put and output lines with independent clocks, and four 
peripheral/modem control lines. 

Data to be transmitted is transferred directly into the 
3-byte Transmit Data First-ln First-Out (FIFO) Register from 
the data bus. Availability of the input to the FIFO is indicated 
by the TDRA bit in the Status Register; once data is entered, 
it moves through the FIFO to the last empty location. Data at 
the output of the FIFO is automatically transferred from the 
FIFO to the Transmitter Shift Register as the shift register 
becomes available to transmit the next character. If data is 
not available from the FIFO (underflow condition), the 
Transmitter Shift Register is automatically loaded with either 
a sync code or an all "1's" character. The transmit seciton 
may be programmed to append even, odd, or no parity to 
the transmitted word. An external control line (Clear-to- 
Send) is provided to inhibit the transmitter without clearing 
the FIFO. 

Serial data is accumulated in the receiver based on the 
synchronization mode selected. In the external sync mode, 
used for para llel-serial operation, the receiver is synchronized 
by the DCD (Data Carrier Detect) input (Figure 9) and 
transfers successive bytes of data to the input of the 
Receiver FIFO. The single-sync-character mode requires that 
a match occur between the Sync Code Register and one in- 
coming character before data transfer to the FIFO begins. 
The two-sync-character mode requires that two sync codes 
be received in sequence to establish synchronization. Subse- 
quent to synchronization in any mode, data is accumulated 
in the shift register, and parity is optionally checked. An in- 
dication of parity error is carried through the Receiver FIFO 
with each character to the last empty location. Availability of 
a word at the FIFO output is indicated by the RDA status bit 
in the Status Register, as is a parity error (PE). 

The SSDA and itsjnternal registers are selected by RS, 

CS, Read/Write (R/W) and Enable control lines. To con- 
figure the SSDA, Control Registers are selected and the ap- 
propriate bits set. The Status Register is addressable for 
reading status. _ 

Other I/O lines, in ad dition to Clear-to-Send (CTS) and 
Data Carrier Detect (DCD), include SM/DTR (Sync 
Match/ Data Terminal Ready) and Transmitter Underflow 
(TUF). The transmitter and receiver each have individual 
clock inputs allowing simultaneous operation under separate 
clock control. Signals to t he m icroprocessor are the Data 
Bus and Interrupt Request (IRQ). 

INITIALIZATION 

Durin g a power-on sequence, the SSDA is reset via the 
RESET input and internally latched in a reset condition to 
prevent erroneous output transitions. The Receiver Shift 
Register is set to all "Vs". The Sync Code Register, Control 
Register 2, and Control Register 3 should be programmed 
prior to the programmed release of the Transmitter and/or 
Receiver Reset bits; these b its in Control Register 1 should 
be cleared after the RESET line has gone high. 



TRANSMITTER OPERATION 

Data is transferred to the transmitter section in parallel 
form by means of the data bus and Transmit Data FIFO. The 
Transmit Data FIFO is a 3-byte register whose status is in- 
dicated by the Transmitter Data Register Available status bit 
(TDRA) and its associated interrupt enable bit. Data is 
transferred through the FIFO on negative edges of Enable (E) 
pulses. Two data transfer modes are provided in the SSDA. 
The 1-byte transfer mode provides for writing data to the 
transmitter section (and reading from the receiver section) 
one byte at a time. The 2-byte transfer mode provides for 
writing two data characters in succession. 

Data will automatically transfer from the last register loca- 
tion in the Transmit Data FIFO (when it contains data) to the 
Transmitter Shift Register during the last half of the last bit 
of the previous character. A character is transferred into the 
Shift Register by the Transmitter Clock. Data is transmitted 
LSB first, and odd or even parity can be optionally append- 
ed. The unused bit positions in short word length characters, 
from the data bus, are "don't cares". (Note: The data bus in- 
puts may be reversed for applications requiring the MSB to 
be transferred first, e.g., IBM format for floppy disks; 
however, care must be taken to properly program the control 
registers — Table 1 will have its bit positions reversed.) 

When the Shift Register becomes empty, and data is not 
available for transfer from the Transmit Data FIFO, an 
"underflow" occurs, and a character is inserted into the 
transmitter data stream to maintain character synchroniza- 
tion. The character transmitted on underflow will be either a 
"Mark" (all "Vs") or the contents of the Sync Code 
Register, depending upon the state of the Transmit Sync 
Code on Underflow control bit. The underflow condition is 
indicated by a pulse ( = 1 Tx CLK high period) on the 
Underflow output (when in Tx Sync on underflow mode). 
The Underflow output occurs coincident with the transfer of 
the last half of the last bit preceding the underflow character. 
The Underflow status bit is set until cleared by means of the 
Clear Underflow control bit. This output may be used in flop- 
py disk systems to synchronize write operations and for ap- 
pending CRCC. 

Transmission is initiated by clearing the Transmitter Reset 
.bit in Control Register 1 . When the Transmitter Reset bit is 
cleared, the first full positive half-cycle of the Transmit Clock 
will initiate the transmit cycle, with the transmission of data 
or underflow characters beginning on the negative edge of 
the Transmit Clock pulse which started the cycle. If the 
Transmit Data FIFO was not loaded, an underflow character 
will be transmitted (see Figu re 4). 

The Clear-to-Send (CTS) input provides for automatic 
control of the transmitt er by means of external system hard- 
ware; e.g., the modem CTS output prov ides the control in a 
data communications system. The CTS input resets and in- 
hibits the transmitter section when high, but does not reset 
the T ransmit Data FIFO. The TDRA status bit is inhibited by 
CTS being high in either the one-sync character or two-sync 
character mode of oper ation . In the external sync mode, 
TDRA is unaffected by CTS in order to provide Transmit 
Data FIFO status for preloa ding and operating the transmit- 
ter under the control of the CTS input. When the Transmit- 
ter Reset bit (Tx Rs) is set, the Transmit Data FIFO is cleared 
and the TDRA status bit is cleared. After one E clock has oc- 
curred, the Transmit Data FIFO becomes available for new 
data with TDRA inhibited. 
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RECEIVER OPERATION 

Data and a presynchronized clock are provided to the 
SSDA receiver section by means of the Receive Data (Rx 
Data) and Receive Clock (Rx CLK) inputs. The data is a con- 
tinuous stream of binary data bits without means for identi- 
fying character boundaries within the stream. It is, therefore, 
necessary to achieve character synchronization for the data 
at the beginning of the data block. Once synchronization is 
achieved, it is assumed to be retained for all successive 
characters within the block. 

Data communications systems utilize the detection of sync 
codes during the initial portion of the preamble to establish 
character synchronization. This requires the detection of a 
single code or two successive sync codes. Floppy disk and 
cartridge tape units require sixteen bits of defined preamble 
and cassettes require eight bits of preamble to establish the 
reference for the start of record. All three are functionally 
equivalent to the detection of sync codes. Systems which do 
not utilize code detection techniques require custom logic 
external to the SSDA for character synchronization and use 
of the parallel-to-serial (external sync) mode. (Note: The 
Receiver Shift Register is set to ones when reset.) 

SYNCHRONIZATION 

The S SDA provides three operating modes with respect to 
character synchronization: one-sync-character mode, two- 
sync-character mode, and external sync mode. The external 
sync mode requires synchronization and contro l of the 
receiving section through the Data Carrier Detect (DCD) in- 
put (see Figure 7). This external synchronization could con- 
sist of direct line control from the transmitting end of the 
serial data link or from external logic designed to detect the 
start of the message block. The one-sync-character mode 
searches on a bit-by-bit basis until a match is achieved be- 
tween the data in the Shift Register and the Sync Code 
Register. The match indicates character synchronization is 
complete and will be retained for the message block. In the 
two-sync-character mode, the receiver searches for the first 
sync code match on a bit-by-bit basis and then looks for a se- 
cond successive sync code character prior to establishing 
character synchronization. If the second sync code character 
is not received, the bit-by-bit search for the first sync code is 
resumed. 

Sync codes received prior to the completion of syn- 
chronization (one or two character) are not transferred to the 
Receive' Data FIFO. Redundant sync codes during the 
preamble or sync codes which occur as "fill characters" can 
automatically be stripped from the data, when the Strip 
Sync control bit is set, to minimize system loading The 
character synchronization will be retained until cleared by 
means of the Clear Sync bit, which also inhibits synchroniza- 
tion search when set 

RECEIVING DATA 

Once synchronization has been achieved, subsequent 
characters are automatically transferred into the Receive 
Data FIFO and clocked through the FIFO to the last empty 
location by E pulses (MPU System <j>2). The Receiver Data 
Available status bit (RDA) indicates when data is available to 
be read from the last FIFO location (#3) when in the 1-byte 
transfer mode. The 2-byte transfer mode causes the RDA 
status bit to indicate data is available when the last two FIFO 



register locations are full. Data being available in the Receive 
Data FIFO causes an interrupt request if the Receiver Inter- 
rupt Enable (RIE) bit is set. The MPU will then read the 
SSDA Status Register which will indicate that data is 
available for the MPU read from the Receive Data FIFO 
register. The IRQ and RDA status bits are reset by a read 
from the FIFO. If more than one character has been received 
and is resident in the Receive Data FIFO, subsequent E 
clocks will cause the FIFO to update and the RDA and IRQ 
status bits will again be set The read data operation for the 
2-byte transfer mode requires an intervening E clock be- 
tween reads to allow the FIFO data to shift. Optional parity is 
automatically checked as data is received, and the parity 
status condition is maintained with each character until the 
data is read from the Receive Data FIFO. Parity errors will 
cause an interrupt request if the Error Interrupt Enable (EIE) 
has been set. The parity bit is not transferred to the data bus 
but must be checked in the Status Register. NOTE: In the 
2-byte transfer mode, parity should be checked prior to 
reading the second byte, since a FIFO read clears the error 
bit. 

Other status bits which pertain to the receiver section are 
Receiver Overrun and Data Carrier Detect (DCD). The Over- 
run status bit is automatically set when a transfer of a 
character to the Receive Data FIFO occurs and the first 
register of the Receive Data FIFO is full. Overrun causes an 
interrupt if Error Interrupt Enable (EIE) has been set. The 
transfer of the overrunning character into the FIFO causes 
the previous character in the FIFO input register location to 
be lost. The Overrun status bit is cleared by reading the 
Status Register (when the overrun condition is present), 
followed by a Receive data FIFO Register read. Overrun can- 
not occur and be cleared without providing an opportunity to 
detect its occurrence via the Statu s Register. 

A positive transition on the DCD input causes an interrupt 
if the EIE control bit has been set. The interrupt caus ed by 
DCD is cleared by reading the Status Register when the DCD 
status bit is high, followed by a Receive data FIFO read The 
DCD status bit will subsequently follow the state of the DCD 
input when it goes low. 



INPUT/OUTPUT FUNCTIONS 

SSDA INTERFACE SIGNALS FOR MPU 

The SSDA interfaces to the MC6800 MPU with an 8-bit bi- 
directional data bus, a chip-select line, a register-select line, 
an interrupt-request line, read/write line, an enable line, and 
a reset line. These signals, in conjunction with the MC6800 
VMA output, permit the MPU to have complete control over 
the SSDA. 

SSDA Bi-Directional Data (D0-D7) - The bi-directional 
data lines (D0-D7) allow for data transfer between the SSDA 
and the MPU. The data bus output drivers are three-state 
devices that remain in the high-impedance (off) state except 
when the MPU performs an SSDA read operation. 

SSDA Enable (E) - The Enable signal, E, is a high- 
impedance TTL-compatible input that enables the bus in- 
put/output data buffers, clocks data to and from the SSDA, 
and moves data through the FIFO Registers 
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Read/Write (R/W) - The Read/Write line is a high- 
impedance input that is TTL compatible and is used to con- 
trol the direction of data flow through the SSDA's in- 
put/output data bus interface. When Read/Write is high 
(MPU read cycle), SSDA output drivers are turned on if the 
chip is selected and a selected register is read. When it is 
low, the SSDA output drivers are turned off and the MPU 
writes into a selected register. The Read/Write signal is also 
used to select read-only or write-only registers within the 
SSDA 

Chip Select (CS) - This high-impedance TTL-compatible 
input line is used to address the SSDA. The SSDA is 
selected when CS is low. VMA should be used in generating 
the CS input to insure that false selects will not occur 
Transfers of data to and from the SSDA are then performed 
under the control of the Enable signal, Read/Write, and 
Register Select 

Register Select (RS) — The Register Select line is a high- 
impedance input that is TTL compatible A high level is used 
to select Control Registers C2 and C3, the Sync Code 
Register, and the Transmit/ Receive Data Registers. A low 
level selects the Control 1 and Status Registers (see Table 1). 

Interrupt Request (IRQ) — Interrupt Request is a TTL 
compatible, open-drain (no internal pullup), active low out- 
put that is used to interrupt the MPU. The Interrupt Request 
remains low until cleared by the MPU. 



RESET Input — The RESET input provides a means of 
resetting the SS DA from an external source In the low 
state, the RESET input causes the following. 

1. Receiver Reset (Rx Rs) and Transmitter Reset (Tx Rs) 
bits are set causing both the receiver and transmitter 
sections to be held in a reset condition. 

2. Peripheral Contr ol bit s PC1 and PC2 are reset to zero, 
causing the SM/DTR output to be high. 

3. The Error Interrupt Enable (EIE) bit is reset. 

4. An internal synchronization mode is selected. 

5. The Transmitter Data Register Available (TDRA) 
status bit is cleared and inhibited. 

6. The Receiver Shift Register is set to Vs. 

When RESET returns high (the inactive state), the 
transmitter and receiver sections will remain in the reset state 
until the Receiver Reset and Transmitter Reset bits are 
cleared via the data bus u nder so ftware control. The control 
Register bits affected by RESET (Rx Rs, Tx Rs, PC 1, PC2, 
EIE, and E/l Sync) cannot be changed when RESET is low. 

CLOCK INPUTS 

Separate high-impedance TTL-compatible inputs are pro- 
vided for clocking of transmitted and received data. 

Transmit Clock (Tx CLK) - The Transmit Clock input is 
used for the clocking of transmitted data. The transmitter 
shifts data on the negative transition of the clock. 

Receive Clock (Rx CLK) - The Receive Clock input is us- 
ed for clocking in received data. The clock and data must be 
synchronized externally. The receiver samples the data on 
the positive transition of the clock. 



SERIAL INPUT/OUTPUT LINES 

Receive Data (Rx Data) - The Receive Data line is a high- 
impedance TTL-compatible input through which data is 
received in a serial format. 

Transmit Data (Tx Data) - The Transmit Data output line 
transfers serial data to a modem or other peripheral. 

PERIPHERAL/MODEM CONTROL 

The SSDA includes several functions that permit limited 
control of a peripheral or modem. The functions included are 
Clear-to-Send, Sync Match/ Data Terminal Ready, Data Car- 
rier Detect, and Transmitter Underflow. 

Clear-to-Send (CTS) - The CTS input provides a real- 
time inhibit to the transm itter section (the Tx Data FIFO is 
not disturbed) A positive CTS transition resets the Tx Shift 
Register and inhibits the TDRA status bit and its associated 
interrupt in both the one-sync-character and two-sync- 
character modes of operation. TDRA is not affected by the 
CTS input in the external sy nc m ode. 

The positive transition of CTS is stored within the SSDA 
to insure that its o ccurr ence will be acknowledged by the 
system. The stored CTS information and its associa ted I RQ 
(if enabled) are cleared by writing a "1" in the Clear CT S bit 
in Control Register 3 or in the Trans mitter Reset bit. The CTS 
status bit subsequently follows the CTS input when it goes 
low. 

The CTS input provides character timing for transmitter 
data when in the external sync mode. Transmission is in- 
itiated on the negative transition of the first full positive clock 
pulse of the transmitter clock (Tx CLK) after the release of 
CTS (see Figure 6). 

Data Carrier Detect (DCD) — The DCD input provides a real- 
time inhibit to the ificejver section (the Rx FIFO is not dis- 
turbed). A positive DCD transition resets and inhibits the re- 
ceiver section except for_the Receive FIFO and the RDRA status 
bit and its associated IRQ 

The positive transition of DCD is stored within the SSDA 
to insure that its o ccurr ence will be acknowledged by the 
system. The stored DCD information and its associated IRQ 
(if enabled) are cleared by reading the Status Register and 
then the Recei ver F IFO, or by writing a "1" into the Rec eiver 
Reset bit. The DCD status bit subs equently follows the DCD 
input when it goes low. The DCD input provides character 
synchronization timing for the receiver during the external 
sync mode of operation. The receiver will be initialized and 
data will be sampled on the positive transi tion of the first full 
Receive Clock cycle after release of DCD (see Figure 7). 

S ync M atch/ Data Terminal Ready (SM/DTR) - The 

SM/DTR output provides four functions (see Table 1) 
depending on the state of the PC1 and PC2 control bits. 
When the Sync Match mode is selected (PC = "1", 
PC2= "0"), the output provides a one-bit-wide pulse when a 
sync code is detected. This pulse occurs for each sync code 
match even if the receiver has already attained synchroniza- 
tion. The SM output is inhibited when PC2="1". The DTR 
mode (PC1 = "0") provid es an output level corresponding to 
the complement of PC2 IDTR = "0" when PC2="1"). (See 
Table 1.) 
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TABLE 1 - SSDA PROGRAMMING MODEL 



Register 


Coi 
In. 


itrol 
juts 


Address 
Control 


J 






Register Content 






RS 


R/W 


AC 2 


AC1 


Bit 7 


Bit 6 


Bit 5 








Bit 1 


Bit 0 


Status IS) 


0 


1 


X 


X 


Interrupt 
Request 
(IRQ) 


Receiver 
Parity 
Error 
(PE) 


Receiver 
Overrun 
(Rx Ovrnl 


Transmitter 
Underflow 
(TUF) 


Clear-to- 
Send 
(CTS) 


Data Carrier 
Detect 
(DCD) 


Transmitter 
Data 
Register 
Available 
(TDRA) 


Receiver 

Data 
Available 
(RDA) 


Control 1 
(CI) 


0 


0 


X 


X 


Address 
Control 2 
(AC?) 


Address 
Control 1 
(AC1) 


Receiver 
Interrupt 
Enable 
(RIE) 


Transmitter 
Interrupt 
Enable 
(TIE) 


Clear 
Sync 


Strip Sync 
Characteis 
(Strip Sync) 


Transmitter 
Reset 
(Tx Rs) 


Receiver 

Reset 
(Rx Rs) 


Receive 
Data FIFO 


1 


1 


X 


X 


D7 


06 


D5 


D4 


D3 


D2 


D1 


DO 


Control 2 
IC2) 


1 


0 


o 


o 


Error 
Interrupt 
Enable 
(EIE) 


Transmit 
Sync Code 
on 

Underflow 
(Tx Sync) 


Word 
Length 
Select 3 

(WS3) 


Word 
Length 
Select 2 
(WS2) 


Word 
Length 
Select 1 
(WS1) 


l.Ruio/7-Rwto 
i-oyie/*iDyie 

T ransfer 

(1-By!e/2 Byte) 


Peripheral 
Control 2 
(PC2) 


Peripheral 
Control 1 
(PCI) 


Control 3 
(C3) 


1 


0 


0 


1 


Not Used 


Not Used 


Not Used 


Not Used 


Clear 
Transmitter 
Underflow 
Status 
(CTUF) 


Clear CTS 

Status 
(Clear CTS) 


One-Sync- 
Character/ 
Two-Sync 
Character 
Mode Control 
(1 Sync/ 
2 Sync) 


Extei nal/ 
1 n tei nal 

Sync Mode 
Control 

(E/l Sync) 


Sync Code 


1 


0 


1 


0 


D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 


Transmit 
Data FIFO 


1 


0 


1 


1 


D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 



X = Don't care 



STATUS REGISTER 

IRQ Bit 7 The IRQ flag is cleared when the source of the IRQ is 
cleared The source is determined by the enables in the 
Control Registers TIE. RIE, EIE. 
Bits 6 -0 indicate the SSDA status at a point in time, and can be 
reset as follows 

PE Bit 6 Read Rx Data FIFO, or a "1" into Rx Rs (C1 Bit 0) 

Rx Ovrn Bit 5 Read Status and then Rx Data FIFO, or a "1" into 
Rx Rs (C1 Bit Ol. 

TUF Bit 4 A "1" into CTUF (C3 Bit 3) or into Tx Rs (CI Bit 1 1 
CTS Bit 3 A "1" into Clear (TTS"(C3 Bit 2) or a "1" into Tx Rs 
(C1 BitD 

DCD Bit 2 Read Status and then Rx Data FIFO or a "1" into 

Rx Rs (C1 Bit 0) 
TDRA Bit 1 Write into Tx Data FIFO. 
RDA BitO Read Rx Data FIFO 

CONTROL REGISTER 1 

AC2, AC1 Bits 7, 6 Used to access other registers, as shown above 
RIE Bit 5 When "1". enables interrupt on RDA (S Bit 0) 

TIE Bit 4 When "1", enables interrupt on TDRA (S Bit 1) 

Clear Sync Bit 3 When "1", clears receiver character synchronization 
Strip Sync Bit 2 When "1", strips all sync codes from the received 

data stream. 

Tx Rs Bit 1 When "1", resets and inhibits the transmitter section 

Rx Rs Bit 0 When "1", resets and inhibits the receiver section 

CONTROL REGISTER 3 

CTUF Bit 3 When "1", clear s TUF (S Bit 4), and IRQ if enabled 

Clear CTS Bit 2 When "1", clears CTS (S Bit 3). and IRQ if enabled. 

1 Sync/2 Sync Bit 1 When "1", selects the one-sync-character mode, when 

"0", selects the two-sync-character mode. 
E/l Sync Bit 0 When "1", selects the external sync mode, when "0". 

selects the internal sync mode. 



NOTE When the SSDA is used in applications requiring the MSB of data to 
be received and transmitted first, the data bus inputs to the SSDA may be 
reversed (DO to D7, etc.). Caution must be used when this is done since the 
bit positions in this table will be reversed, and the parity should not be selected. 



CONTROL REGISTER 2 

EIE Bit 7 When "1", ena bles th e PE, Rx Ovrn, 

TUF, CTS, and DCD interrupt flags 
IS Bits 6 through 2). 

Tx Sync Bit 6 When "1", allows sync code contents 

to be transferred on underflow, and 
enables the TUF Status bit and out- 
put. When "0", an all mark character 
is transmitted on underflow. 

WS3, 2, 1 Bus 5-3 Word Length Select 



Bit 5 
WS3 


Bit 4 

WS2 


Bit 3 
WS1 


Word Length 


0 


0 


0 


6 Bits * Even Parity 


0 


0 


1 


6 Bits i Odd Parity 


0 


1 


0 


7 Bits 


0 


1 


1 


8 Bits 


1 


0 


0 


7 Bits -• Even Parity 


1 


0 


1 


7 Bits -t Odd Parity 


1 


1 


0 


8 Bits * Even Parity 


1 


1 


1 


8 Bits + Odd Parity 



1-Byte/2-Byte Bit 2 When " 1", enables the TDRA and 
RDA bits to indicate when a 1-byte 
transfer can occur, when "0", the 
TDRA and RDA bits indicate when 
a 2-byte transfer can occur 

PC2. PCI Bits 1 -0 SM/DTR Output Control 



Bit 1 
PC2 


Bit 0 
PC1 


SM/DTR Output at Pin 5 


0 
0 


0 
1 


Pulse -1 L_ 1 -Bit Wide, on SM 


1 
1 


0 
1 


0 

SM Inhibited, 0 
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Transmitter Underflow (TUF) - The Underflow output in- 
dicates the occurrence of a transfer of a "fill character" to 
the Transmitter Shift Register when the last location (#3) in 
the Transmit Data FIFO is emtpy. The Underflow output 
pulse is approximately one Tx CLK high period wide and oc- 
curs during the last half of the last bit of the character 
preceding the "Underflow" (see Figure 4). The Underflow 
output pulse does not occur when the Tx Sync bit is in the 
reset state. 

SSDA REGISTERS 

Seven registers in the SSDA can be accessed by means of 
the data bus. The registers are defined as read-only or write- 
only according to the direction of information flow. The 
Register Select input (RS) selects two registers in each state, 
one being read-only_and the other write-only. The 
Read/Write input (R/W) defines which of the two selected 
registers will actually be accessed. Four registers (two read- 
only and two write-only) can be accessed via the bus at any 
particular time. These registers and the required addressing 
are defined in Table 1. 

CONTROL REGISTER 1 (CD 

Control Register 1 is an 8-bit write-only register that can be 
directly addressed from the data bus. Control Register 1 is 
accessed when RS = "0" and R/W = "0" 

Receiver Reset (Rx Rs), CI Bit 0 - The Receiver Reset 
control bit provides both a reset and inhibit function to the 
receiver section. When Rx Rs is set, it clears the receiver 
control logic, sync logic, error logic, Rx Data FIFO Control, 
Parity Error status bit, and DCD interrupt. The Receiver Shift 
Register is set to ones. The Rx R s bit mu st be cleared after 
the occurrence of a low level on RESET in order to enable 
the receiver section of the SSDA. 

Transmitter Reset (Tx Rs), C1 Bit 1 - The Transmitter 
Reset control bit provides both reset and inhibit to the 
transmitter section. When Tx Rs is set, it clears the transmit- 
ter control section. Transmitter Shift Register, Tx Data FIFO 
Control (the Tx Data FIFO can be reloaded after one E clo ck 
pulse), the Transmitter Underflow status bit, and the CTS in- 
terrupt, and inhibits the TDRA status bit (in the one-sync- 
character and two-sync-character modes). The Tx Rs bit 
must be cleared after the occurrence of a low level on RESET 
in order to enable the transmitter section of the SSDA. If the 
Tx FIFO is not preloaded, it must be loaded immediately after 
the Tx Rs release to prevent a transmitter underflow condi- 
tion. 

Strip Synchronization Characters (Strip Sync), C1 Bit 2 — 

If the Strip Sync bit is set, the SSDA will automatically strip 
all received characters which match the contents of the Sync 
Code Register. The characters used for synchronization (one 
or two characters of sync) are always stripped from the 
received data stream 

Clear Synchronization (Clear Sync), CI Bit 3 - The Clear 
Sync control bit provides the capability of dropping receiver 
character synchronization and inhibiting resynchronization. 
The Clear Sync bit is set to clear and inhibit receiver syn- 
chronization in all modes and is reset to zero to enable resyn- 
chronization. 



Transmitter Interrupt Enable (TIE), CI Bit 4 - TIE enables 
both the Interrupt Request output (IRQ) and Interrupt Re- 
quest status bit to indicate a transmitter service requ est. 
When TIE is set and the TDRA status bit is high, the IRQ out- 
put will go low (the active state) and the IRQ status bit will 
go high. 

Receiver Interrupt Enable (RIE), C1 Bit 5 - RIE enables 
both the Interrupt Request output (IRQ) and the Interrupt 
Request status bit to indicate a receiver service request. 
When RIE is set and the RDA status bit is high, the TRQ out- 
put will go low (the active state) and the IRQ status bit will 
go high. 

Address Control 1 (AC1) and Address Control 2 (AC2), CI 
Bits 6 and 7 - AC1 and AC2 select one of the write-only 
registers - Control 2, Control 3, Sync Code, or Tx Data 
FIFO - as shown in Table 1, when RS = "1" and 
R/W = "0". 

CONTROL REGISTER 2 (C2) 

Control Register 2 is an 8-bit write-only register which can 
be programmed from the data bus when the Address Control 
bits in Control Register 1 (AC1 and AC2) are reset, RS = "1" 
and R/W = "0". 

Peripheral Control (PCD and Peripheral Control 2 (PC2), 
C2 Bits 0 and 1 - Two control bits, PC1 and PC2, deter mine 
the operating characteristics of the Sync Match/ DTR out- 
put PC1, when high, selects the Sync Match mod e. PC2 
provides the inhibit/enable control for the SM/DTR output 
in the Sync Match mode. A one-bit-wide pulse is generated 
at the output when PC2 is "0", and a match occurs between 
the contents of the Sync Code Register and the incoming 
data even if sync is inhibited (Clear Sync bit="1"). The 
Sync Match pulse is referenced to the negative edge of Rx - 
CLK pulse causing the match (see Figure 3). 

The Data Terminal Ready (DTR) mode is selected when 
PC1 is low. When PC2="1" the SM/DTR output="0" and 
vice versa. The operation of PC2 and PC1 is summarized in 
Table 1 . 

1-Byte/2-Byte Transfer (1-Byte/2-Byte), C2, Bit 2 - 

When 1-Byte/2-Byte is set, the TDRA and RDA status bits 
will indicate the availabithy of their respective data FIFO 
registers for a single-byte data transfer. Alternately, if 
1-Byte/2-Byte is reset, the TDRA and RDA status bits in- 
dicate when two bytes of data can be moved without a se- 
cond status read. An intervening Enable pulse must occur 
between data transfers. 

Word Length Selects (WS1, WS2, WS3), C2 Bits 3, 4, 5 

- Word Length Select bits WS1, WS2, and WS3 select 
word lengths of 7, 8, or 9 bits including parity as shown in 
Table 1. 

Transmit Sync Code on Underflow (Tx Sync), C2 Bit 6 - 

When Tx Sync is set, the transmitter will automatically send 
a sync character when data is not available for transmission. 
If Tx Sync is reset, the transmitter will transmit a Mark 
character (including the parity bit position) on underflow. 
When the underflow is detected, a pulse approximately one 
Tx CLK high period wide will occur on the underflow output 
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if the Tx Sync bit is set. Internal parity generation is inhibited 
during underflow except for sync code fill character 
transmission in 8-bit plus parity word lengths. 

Error Interrupt Enable (EIE), C2 Bit 7 - When EIE is set, 
the IRQ status bit will go high and the IRQ output will go low 
if: 

1. A receiver overrun occurs. The interrupt is cleared by 
reading the Status Register and reading the Rx Data 
FIFO . 

2. DCD input has gone to a "1". The interrupt is cleared 
by reading the Status Register and reading the Rx 
Data FIFO. 

3. A parity error exists for the character in the last loca- 
tion (#3) of the Rx Data FIFO. The interrupt is cleared 
by r eadin g the Rx Data FIFO. 

4. The CTS input has gone to a "1" . The interrupt is 
cleared by writing a "1" in the Clear CTS bit, C3 bit 2, 
or by a Tx Reset. 

5. The transmitter has underflowed (in the Tx Sync on 
Underflow mode). The interrupt is cleared by writing a 
"1" into the Clear Underflow, C3 bit 3, or Tx Reset. 

When EIE is a "0", the IRQ status bit and the IRQ" output 
are disabled for the above error conditions. A low level on 
the RESET input resets EIE to "0". 

CONTROL REGISTER 3 (C3) 

Control Register 3 is a 4-bit write-only register which can 
be programmed from the data bus whe RS = "1" and 
R/W~="0" .and Address Control bit AC1 = "1" and 
AC2="0". 

External/ Internal Sync Mode Conrol (E/l Sync), C3, Bit 0 
- When the E/l Sync Mode bit is high, the SSDA is in the 
external sync mode and the receiver synchronization logic is 
disab led. Synchronization can be achieved by means of the 
DCD input or by starti ng Rx CLK at the midpoint of data bitO 
of a cahracter with DCD low. Both the transmitter and 
receiver sections operate as parallel - serial converters in 
the External Sync mode. The Clear Sync bit in Control 
Register 1 acts as a receiver sync inhibit when high to pro- 
vide a bus controllable inhibit. The Sync Code Register can 
serve as a transmitter fill character register a nd a re ceiver 
match register in this mode. A "low" on the RESET input 
resets the E/l Sync Mode bit placing the SSDA in the inter- 
nal sync mode. 

One-Sync-Character/Two-Sync-Character Mode Control 
(1-Sync/2-Sync), C3 Bit 1 - When the 1-Sync/2-Sync bit is 
set, the SSDA will synchronize on a single match between 
the received data and the contents of the Sync Code 
Register. When the 1-Sync/2-Sync bit is reset, two suc- 
cessive sync characters must be received prior to receiver 
synhnchronization. If the second sync character is not 
detected, the bit-by-bit search resumes from the first bit in 
the second character. See the description of the Sync Code 
Register for more details. 

Clear CTS Status ( Clear CTS), C3 B'rt 2 - When a "1" is 
written into the Clear CTS bit, th e stor ed status and interrupt 
are cleared. Subsequently, the CTS status bit reflects the 



state of t he CT S input. The Clear CTS control bit does not 
affect the CTS input nor its inhibit of the transmitter section. 
The Clear CTS command bit is self-clearing, and writing a 
"0" into this bit is a nonfunctional operation. 

Clear Transmit Underflow Status (CTUF), C3 B it 3 - 

When a "1" is written into the CTUF status bit, the CTUF bit 
and its associated interrupt are reset. The CTUF command 
bit is self-clearing and writing a "0" into this bit is a nonfunc- 
tional operation. 

SYNC CODE REGISTER 

The Sync Code Register is an 8-bit register for storing the 
programmable sync code required for received data character 
synchronization in the one-sync-character and two-sync- 
character modes. The Sync Code Register also provides for 
stripping the sync/fill characters from the received data (a 
programmable option) as well as automatic insertion of fill 
characters in the transmitted data stream. The Sync Code 
Register is not utilized for receiver character synchronization 
in the external sync mode; however, it provides storage of 
receiver match and transmit fill characters. 

The Sync Code Register can be loaded when AC2 and 
AC1 are a "1" and "0", respectively, and R/W="0" and 
RS = "1". 

The Sync Code Register may be changed after the detec- 
tion of a match with the received data (the first sync code 
having been detected) to synchronize with a double-word 
sync pattern. (This sync code change must occur prior to the 
completion of the second character.) The sync match (SM) 
output can be used to interrupt the MPU system to indicate 
that the first eight bits have matched. The service routine 
would then change the sync match register to the second 
half of the pattern . Alternately, the one-sync-character mode 
can be used for sync codes for 16 or more bits by using soft- 
ware to check the second and subsequent bytes after 
reading them from the FIFO. 

The detection of the s ync c ode can be programmed to ap- 
pear on the Sync Match/DTR output by writing a "1" in PC1 
(C2 bit 0) and a "0" in PC2 (C2 bit 1). The Sync Match out- 
put will go high for one bit time beginning at the character in- 
terface between the sync code and the next character (see 
Figure 3). 



PARITY FOR SYNC CHARACTER 
Transmitter 

Transmitter does not generate parity for the sync 
character except 9-bit mode. 

9-bit (8-bit + parity)... 8-bit sync character + parity 
8-bit (7-bit + parity)... 8-bit sync character (no parity) 
7-bit (6-bit+ parity )...7-bit sync character (no parity) 

Receiver 

At Synchronization 

Receiver automatically strips the sync character(s) (two 
sync characters if '2 sync' mode is selected) which is used to 
establish synchronization. Parity is not checked for these 
sync characters. 
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After Synchronization Is Established 

When 'strip sync' bit is selected, the sync characters (fill 
characters) are stripped and parity is not checked for the 
stripped sync (fill) characters. When "strip sync" bit is not 
selected (low), the sync character is assumed to be normal 
data and it is transferred into FIFO after parity checking. 
(When non-parity format is selected, parity is not checked.) 



Strip Sync 
(C1, Bit 2) 


WS0-WS2 
(Data Format) 
(C2, Bits 3-5) 




1 


X 


No transfer of sync code 
No parity Check of sync code 


0 


With Parity 


'Transfer data and sync codes 
Parity check 


0 


Without Parity 


'Transfer data and sync codes 
No parity check 



"Subsequent to synchronization 



It is necessary to consider parity in the selected sync 
character in the following cases. Data Format is (6 + parity), 
(7+ parity), strip sync is not selected (low), and when sync 
code is used as a fill character after synchronization. 

The transmitter sends a sync character without parity, but 
the receiver checks the parity as if it is normal data. 
Therefore, the sync character should be chosen to match the 
parity check selected for the receiver in this special case. See 
the following section for unused bit assignment in short- 
word length. 

RECEIVE DATA FIRST-IN FIRST-OUT REGISTER (Rx Data 
FIFO) 

The Receive Data FIFO Register consists of three 8-bit 
registers which are used for buffer storage of received data. 
Each 8-bit register has an internal status bit which monitors 
its full or empty condition. Data is always transferred from a 
full register to an adjacent empty register. The transfer from 
register to register occurs on E pulses. The RDA status bit 
will be high when data is available in the last location of the 
Rx Data FIFO. 

In an Overrun condition, the overrunning character will be 
transferred into the full first stage of the FIFO register and 
will cause the loss of that data character. Successive over- 
runs continue to overwrite the first register of the FIFO. This 
destruction of data is indicated by means of the Overrun 
status bit The Overrun bit will be set when the overrun oc- 
curs and remains set until the Status Register is read, follow- 
ed by a read of the Rx Data FIFO. 

Unused data bits for short word lengths (including the 
parity bit) will appear as "O's" on the data bus when the Rx 
Data FIFO is read 

TRANSMIT DATA FIRST-IN FIRST-OUT REGISTER (Tx 
Data FIFO) 

The Transmit Data FIFO Register consists of thee 8-bit 
registers which are used for buffer storage of data to be 
transmitted. Each 8-bit register has an internal status bit 
which monitors its full or empty condition. Data is always 
transferred from a full register to an adjacent empty register 
The transfer is clocked by E pulses 

The TDRA status bit will be high if the Tx Data FIFO is 
available for data. 



Unused data bits for short word lengths will be handled as 
"don't cares." The parity bit is not transferred over the data 
bus since the SSDA generates parity at transmission. 

When an Underflow occurs, the Underflow character will 
be either the contents of the Sync Code Register or an all 
"1's" character. The underflow will be stored in the Status 
Register until cleared and will appear on the Underflow out- 
put as a pulse approximatley one Tx CLK high period wide. 

STATUS REGISTER (S) 

The Status Register is an 8-bit read-only register which 
provides the real-time status of the SSDA and the associated 
serial data channel. Reading the Status Register is a non- 
destructive process. The method of clearing status bits 
depends upon the function each bit represents and is 
discussed for each bit in the register. 

Receiver Data Available (RDA), S Bit 0 - The Receiver 
Data Available status bit indicates when receiver data can be 
read from the Rx Data FIFO. The receiver data being present 
in the last register (#3) of the FIFO causes RDA to be high for 
the 1-byte transfer mode. The RDA bit being high indicates 
that the last two registers (#2 and #3) are full when in the 
2-byte transfer mode. The second character can be read 
without a second status read (to determine that the 
character is available). An E pulse must occur between reads 
of the Rx Data FIFO to allow the FIFO to shift. Status must 
be read on a word-by-word basis if receiver data error check- 
ing is important The RDA status bit is reset automatically 
when data is not available. 

Transmitter Data Register Available (TDRA), S Bit 1 - 

The TDRA status bit indicates that data can be loaded into 
the Tx Data FIFO Register. The first register (#1) of the Tx 
Data IFFO being empty will be indicated by a high level in the 
TDRA status bit in the 1-byte transfer mode. The first two 
registers (#1 and #2) must be empty for TDRA to be high 
when in the 2-byte transfer mode. The Tx Data FIFO can be 
loaded with two bytes without an intervening status read; 
however, one E pulse must occur b etween loads. TDRA is 
inhibited by the Tx Reset or RESET. When Tx Reset is set, 
the Tx Data FIFO is cleared and then released on the next E 
clock pulse. The Tx Data FIFO can then be loaded with up to 
three characters of data, even though TDRA is inhibited. 
This feature allows preloadin g dat a prior to the release of Tx 
Reset. A high level on the CTS input inhibits the TDRA 
status bit in either sync mode of op eration (one-sync- 
character or two-sync-character). CTS does not affect 
TDRA in the external sync mode. This enables the SSDA to 
operate under the control of the CTS input with TDRA in- 
dicating the status of the Tx Data FIFO. The CTS input does 
not clear the Tx Data FIFO in any operating mode. 

Data Carrie r Detect (DCD), S Bit 2 - A positive transition 
on the DCD input is stored in the SSDA until cleared by 
reading both Status and R x Dat a FIFO. A " V writ ten into Rx 
Rs also clears the stored D CD sta tus. The DCD status bit, 
when set, indicates that the DCD input has gone high. The 
reading of Status followed by reading of the Receive Data 
FIFO allows Bit 2 of subsequent Status reads to indicate the 
state of the DCD input until the next positive transition. 
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C lear- to-Send (CTS), S Bit 3 - A positive transition on 
the CTS input is stor ed in the SSDA until cleared by writing 
a "1 " into the Clear CTS control bit or the TxRs bit The 
CTS status bit, when set, i ndicates that the CTS input has 
gone high The Clear CTS command (a "1" into C3 Bit 2) 
allows Bit 3 of subsequent Status reads to indicate the state 
of the CTS input until the next positive transition 

Transmitter Underflow (TUF), S Bit 4 - When data is not 
available for the transmitter, an underflow occurs and is so 
indicated in the Status Register (in the Tx Sync on underflow 
mode). The underflow status bit is cleared by writing a "1" 
into the Clear Underflow (CTUF) control bit or the Tx Rs bit 
TUF indicates that a sync character will be transmitted as the 
next character A TUF is indicated on the output only when 
the contents of the Sync Code Register is to be transferred 
(transmit sync code on underflow= "1") 

Receiver Overrun (Rx Ovrn), S Bit 5 - Overrun indicates 
data has been received when the Rx Data FIFO is full, 



resulting in data loss. The Rx Ovrn status bit is set when 
overrun occurs The Rx Ovrn status bit is cleared by reading 
Status followed by reading the Rx Data FIFO or by setting 
the Rx Rs control bit. 

Receiver Parity Error (PE), S Bit 6 - The parity error 
status bit indicates that parity for the character in the last 
register of the Rx Data FIFO did not agree with selected pari- 
ty The parity error is cleared when the character to which it 
pertains is read from the Rx Data FIFO or when Rx Rs oc- 
curs The DCD input does not clear the Parity Error or Rx 
Data FIFO status bits. 

Interrupt Request (IRQ), S Bit 7 - The Interrupt Request 
statu s bit indicates when the IRQ output is in the active state 
(IRQ output= "0") The IRQ status bit is subject to the same 
interrupt enables (RIE, TIE, and EIE) as the IRQ output. The 
IRQ status bit simplifies status inquiries for polling systems 
by providing single bit indication of service requests 




ORDERING INFORMATION 



Package Type 


Frequency (MHz) 


Temperature 


Order Number 


Cerdip 


1 0 


OX to 70X 


MC6852S 


S Suffix 


1 0 


- 40X to 85X 


MC6852CS 




1.5 


OX to 70°C 


MC68A52S 




1 5 


-40X to 85°C 


MC68A520CS 




2.0 


OX to 70X 


MC68B52S 


Plastic 


1 0 


OX to 70 X 


MC6852P 


P Suffix 


1.0 


-40X to 85X 


MC6852CP 




1 5 


OX to 70X 


MC68A52P 




1.5 


-40X to 85X 


MC68A52CP 




2 0 


0 C to 70 C 


MC68B52P 



PIN ASSIGNMENTS 



vssl 

Rx Data! 
RxCLK[ 
Tx CLK[ 

sm/dTrc 

Tx Data [ 

Irq[ 

TUF[ 
RESET [ 
CS 
RS[ 

VccL 



1 • 

2 
3 
4 
5 
6 
7 
8 
9 



□ 10 

11 
12 



]CTS 

]DCD 

1D0 

]D1 

]D2 

]D3 

JD4 

]D5 

]D6 

]D7 

]E 

]R/W 
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Advanced Data-Link Controller (ADLC) 

The MC6854 ADLC performs the complex MPU/data communication link function for the "Ad- 
vanced Data Communication Control Procedure" (ADCCP), High-Level Data-Link Control (HDLC) and 
Synchronous Data-Link Control (SDLC) standards. The ADLC provides key interface requirements 
with improved software efficiency. The ADLC is designed to provide the data communications inter- 
face for both primary and secondary stations in stand-alone, polling, and loop configurations. 

• M6800 Compatible 

• Protocol Features 

— Automatic Flag Detection and Synchronization 

— Zero Insertion and Deletion 

— Extendable Address, Control and Logical Control Fields (Optional) 

— Variable Word Length Information Field — 5-, 6-, 7-, or 8-Bits . , 

— Automatic Frame Check Sequence Generation and Check 

— Abort Detection and Transmission 

— Idle Detection and Transmission 

• Loop Mode Operation '• . 

• Loop Back Self-Test Mode 

• NRZ/NRZI Modes 

• Quad Data Buffers for Each Rx and Tx 

• Prioritized Status Register (Optional) 

• MODEM. DMA Loop Interface ■ ' 




This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


v C c 


-0.3 to +7.0 


V 


Input Voltage 


V,n 


-0.3 to +7.0 


V 


Operating Temperature Range 
MC6854. MC68A54, MC68B54 
MC6854C, MC68A54C 


TA 


<T L to T H > 

0to70 
-40 to 85 


°C 


Storage Temperature Range 


T stg 


-55 to +150 


°C 



THERMAL CHARACTERISTICS 



Characteristic 


Symbol 


Value 


Unit 


Thermal Resistance 


flJA 




°C/W 


Plastic 




115 




Cerdip 




65 





This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields, however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit Reliability of operation is 
enhanced if unused inputs are tied to an ap- 
propriate logic voltage level le g , either V$s 
or Vcc> 




Control 




Control 




Control 


Register 




Register 




Register 


#2 




#3 




#4 



FIGURE 1 - ADLC GENERAL BLOCK DIAGRAM 
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o I '\ 



Status 
Register 

#2 



Status 
Register 

#1 



FIFO 
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#1 



_#3_ 



Receiver 



H 



-< DCD 
-< RxC 



FCS Check 



Flag/Abort/Idle 
Detect 
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Flag 
Detect 



Flag/Abort 
Generator 



Transmitter 
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IRQ 
TDSR 4- 



RDSR 4- 
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-< CTS 



-► LOC/DTR 
~~* RTS 



-< RESET 
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POWER CONSIDERATIONS 

The average chip-junction temperature, Tj, in °C can be obtained from: 

Tj = T A +(P D * e JA) 



(1) 



where: 
«JA 
PD 

p int 

PpORT 



= Ambient Temperature, °C 
= Package Thermal Resistance, 
Junction-to-Ambient, °C/W 
= P|NT + p PORT 

= Irjrj x \J CC , Watts — Chip Internal Power 

= Port Power Dissipation, Watts — User Determined 



For most applications PprjRT < P|NT and can ' 3e neglected. PpORT ma Y become significant if the device is configured 
to drive Darlington bases or sink LED loads. 
An approximate relationship between Pq and Tj (if PpORT ' s neglected) is: 

Pd = k -< t j +273 ° c > (2) 

Solving equations (1) and (2) for K gives: 

K = P D '(T a + 273°C) + 9ja*Pd 2 (3) 
where K is a constant pertaining to the particular part. K can be determined from equation (3) by measuring Prj (at 
equilibrium) for a known T A . Using this value of K, the values of Prj and Tj can be obtained by solving equations 
(1 ) and (2) iteratively for any value of T A 

DC ELECTRICAL CHARACTERISTICS (Vcc = 5 0 Vdc ±5%, Vss = n . Ta=T|. to Th unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Input High Voltage 


V|H 


Vss+20 






V 


Input Low Voltage 


VlL 






Vss+08 


V 


Input Leakage Current (V m = 0 to 5 25 V) 


All Inputs Except D0-D7 


■in 




1.0 


25 


MA 


Hi-Z (Off-State) Input Current 
(V M1 = 0 4to2 4V, VcC = 5 25 V) 


D0-D7 


iiz 




20 


10 


*A 


dc Output High Voltage 
(l Lo ad= -205/iA) 
(VLoad= -100 /.A) 


D0-D7 
All Others 


VOH 


Vss + 2.4 
Vss + 2.4 






V 


dc Output Low Voltage d|_oad = 1 6 mA)l 


vol 






Vss+04 


V 


Output Leakage Current (Off State) (Vqh = 2 4 V) 


TRQ 


ioz 




1 0 


10 


MA 


Internal Power Dissipation (measured at Ta = 0°C) 


pint 






850 « 


mW 


Capacitance 
(V ln = 0, T A = 25°C,f=1 0 MHz) 


D0-D7 
All Other Inputs 


Cm 






12.5 
7 5 


pF 




IRQ 
All Others 


C 0 ut 






50 
10 


pF 



For temperatures below 0°C, Pint wi11 increase 
AC ELECTRICAL CHARACTERISTICS (V C C = 5.0 V ±5%, V S S = 0. Ta = T 



Characteristic 


Symbol 


MC6854 


MC68A54 


MC68B54 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


Clock Pulse Width, Low (RxC, TxC) 


PW C L 


700 




450 




280 




ns 


Clock Pulse Width, High (RxC, TxC) 


PW C H 


700 




450 




280 




ns 


Serial Clock Frequency (RxC, TxC) 


f SC 




0.66 




1 0 




1.5 


MHz 


Receive Data Setup Time 


'RDSU 


150 




100 




50 




ns 


Receive Data Hold Time 


'RDH 


60 




60 




60 




ns 


Request-to-Send Delay Time 


'RTS 




680 




460 




340 


ns 


Clock-to-Data Delay for Transmitter 


'TDD 




300 




250 




200 


ns 


Flag Detect Delay Time 


'FD 




680 




460 




340 


ns 


DTR Delay Time 


'DTR 




680 




460 




340 


ns 


Loop On-Line Control Delay Time 


'LOC 




680 




460 




340 


ns 


RDSR Delay Time 


'RDSR 




540 




400 




340 


ns 


TDSR Delay Time 


'TDSR 




540 




400 




340 


ns 


Interrupt Request Release Time 


'IR 




1.2 




0.9 




0.7 


/IS 


RESET Pulse Width 


'RESET 


1.0 




0.65 




0.40 




MS 


Input Rise and Fall Times (Except Enable) (0 8 V to 2.0 V) 


'r. tf 




1.0* 




1.0* 




1 0* 


MS 



to Th unless otherwise noted) 



"1 0 us or 10% of the pulse width, whichever is smaller 
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FIGURE 2 - BUS TIMING TEST LOADS 



Load A 

(D0- D7 RTS, TxD, RD SR, TDSR 
FLAG DET. LOC/5TO 



Test Point O- 



5.0 V 

RL=2.5kQ 

MMC6150 
. or Equiv 



MMD7000 
or Equiv. 



C=130pF for DO-D7 
= 30 pF for others 

R = 11.7 kQ for D0-D7 
= 24 kQ for others 



Load B 
(ITOOnly) 



Test Point O- 



5.0 V 
3 kfl 



^TIOOpF 



FIGURE 3 - RECEIVER DATA SETUP/HOLD, FLAG DETECT AND LOOP ON-LINE CONTROL DELAY TIMING 

•* PW CH 



RxC 



RxD 



FLAG BE T 



ICC 



< PW C L > 

zzdzz 



-< — >■ 

'RDS 



tRDH 



3[ 



< l FD 



'LOC 



FIGURE 4 - TRANSMIT DATA OUTPUT DELAY AND REQUEST-TO-SEND DELAY TIMING 

K pw ch H 



PW CL - 



< >\ 

'TDD 



*RTS — 

NOTE Timing measurements are referenced to and from a low voltage of 0 8 volts and a high voltage of 2 0 volts, unless otherwise noted 



MOTOROLA MICROPROCESSOR DATA 
3-1824 



MC6854 



FIGURE 5 - TDSR/RDSR DELAYS, IRQ RELEASE DELAY, RT§ AND DTR DELAY TIMING 

\ 



f 



TDSR 
RDSR 



f 



*RTS * 



■ 'DTR ' 



'|R- 



'RDSR 
'TDSR 



NOTE Timing measurements are referenced to and from a low voltage of 0 8 volts and a high voltage of 2 0 volts, unless otherwise noted 
BUS TIMING CHARACTERISTICS (See Notes 1 and 2) 



Ident. 
Number 


Characteristics 


Symbol 


MC6854 


MC68A54 


MC68B54 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


1 


Cycle Time 


tcyc 


1 0 


10 


0.67 


10 


0.5 


10 


/*s 


2 


Pulse Width, E Low 


PWel 


430 


9500 


280 


9500 


210 


9500 


ns 


3 


Pulse Width, E High 


pw eh 


450 


9500 


280 


9500 


220 


9500 


ns 


4 


Clock Rise and Fall Time 


tr. tf 




25 




25 




20 


ns 


9 


Address Hold Time 


tAH 


10 




10 




10 




ns 


13 


Address Setup Time Before E 


IAS 


80 




60 




40 




ns 


14 


Chip Select Setup Time Before E 


ICS 


80 




60 




40 




ns 


15 


Chip Select Hold Time 


tCH 


10 




10 




10 




ns 


18 


Read Data Hold Time 


l DHR 


20 


50* 


20 


50* 


20 


50* 


ns 


21 


Write Data Hold Time 


*DHW 


10 




10 




10 




ns 


30 


Output Data Delay Time 


'DDR 




290 




180 




150 


ns 


31 


Input Data Setup Time 


'DSW 


165 




80 




60 




ns 



'The data bus output buffers are no longer sourcing or sinking current by trjnR max (High Impedance) 

FIGURE 6 - BUS TIMING 



R/W, Address ' 
(Non-Muxed) 



cs 



Read Data 
Non-Muxed 



Write Data 
Muxed 



-O- 



0* 



"VA* 

/ v'v 



1 



«*-»■- -(h) 



-©- 



"i 



MPU Read Data Non-Muxed 



MPU Write Data Non-Muxed 



NOTES 1 Voltage levels are V|_s0 4 V, Vna2 4 V, unless othewise specified 

2 Measurement points shown are 0 8 V and 2 0 V, unless otherwise specified 
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FRAME FORMAT 



The ADLC transmits and receives data (information or 
control) in a format called a frame. All frames start with an 
opening flag (F) and end with a closing flag (F). Between the 



opening flag and closing flag, a frame contains an address 
field, control field, information field (optional) and frame 
check sequence field. 



FIGURE 7 - DATA FORMAT OF A FRAME 



M ■ ■ A Frame »> 


01111110 


8 Bits 
Per Byte 


8 Bits 
Per Byte 


8 Bits | Var,able 
Per Byte j length 


16 Bit 


01111110 


(Opening) 
Flag 


Address* 
Field 


Control* 
Field 


Logical Control 
Sub-Field (Option) 


Frame Check 
Sequence Field 


(Closing) 
Flag 



'Extendable (Optional) 




Flag (F) — The flag is the unique binary pattern 
(01111110). It provides the frame boundary and a reference 
for the position of each field of the frame. 

The ADLC transmitter generates a flag pattern internally 
and the opening flag and closing flags are appended to a 
frame automatically. Two successive frames can share one 
flag for a closing flag of the first frame and for the opening 
flag of the next frame, if the "FF'V'F" control bit in the con- 
trol register is reset. 

The receiver searches for a flag on a bit-by-bit basis and 
recognizes a flag at any time. The receiver establishes the 
frame synchronization with every flag. The flags mark the 
frame boundary and reference for each field but they are not 
transferred to the Rx FIFO. The detection of a flag is in- 
dicated by the Flag Detect output and by a status bit in the 
status register. 

Order of Bit Transmission - Address, control and infor- 
mation field bytes are transferred between the MPU and the 
ADLC in parallel by means of the data bus. The bit on DO 
(data bus bit 0, pin 22) is serially transmitted first, and the 
first serially received bit is transferred to the MPU on DO. The 
FCS field is transmitted and received MSB first. 

Address (A) Field - The 8 bits following the opening flag 
are the address (A) field. The A-field can be extendable if the 
Auto-Address Extend Mode is selected in control register #3. 
In the Address Extend Mode, the first bit (bit 0) in every ad- 
dress octet becomes the extend control bit. When the bit is 
"0", the ADLC assumes another address octet will follow, 
and when the bit is "1", the address extension is terminated. 
A "null" address (all "0's") does not extend. In the receiver, 
the Address Present status bit distinguishes the address field 
from other fields. When an address byte is available to be 
read in the receive FIFO register, the Address Present status 
bit is set and causes an interrupt (if enabled). The Address 
Present bit is set for every address octet when the Address 
Extend Mode is used. 



Information Field 
(Optional) 



Control (C) Field - The 8 bits following the address field is 
the control (link control) field. When the Extended Control 
Field bit in control register #3 is selected, the C-field is ex- 
tended to 16 bits 

Information (I) Field - The l-field follows the C-field and 
precedes the FCS field. The l-field contains "data" to be 
transferred but is not always necessarily contained in every 
frame. The word length of the l-field can be selected from 5 
to 8 bits per byte by control bits in control register #4. The 
l-field will continue until it is terminated by the FCS and clos- 
ing flag. The receiver has the capability to handle a "partial" 
last byte. The last information byte can be any word length 
between 1 and 8 bits. If the last byte in the l-field is less than 
the selected word length, the receiver will right justify the 
received bits, fill the remaining bits of the receiver shift 
register with zeros, and transfer a full byte to the Rx FIFO. 
Rp^rd'"-'-. nf "'"cfd byt« bngth, the ADLC will trcncfor 0 
bits of data to the data bus. Unused bits for word lengths of 
5, 6, and 7 will be zeroed. 

Logical Control (LC) Field - When the Logical Control 
Field Select bit, in control register #3, is selected the ADLC 
separates the l-field into two sub-fields. The first sub-field is 
the Logical Control field and the following sub-field is the 
"data" portion of the l-field. The logical control field is 8 bits 
and follows the C-field, which is extendable by octets, if it is 
selected. The last bit (bit 7) is the extend control bit, and if it 
is a "1", the LC-field is extended one octet. 

NOTE 

Hereafter the word "Information field" or "l-field" is 
used as the data portion of the information field, and 
excludes the logical control field. This is done in order 
to keep the consistency of the meaning of "Informa- 
tion field" as specified in SDLC, HDLC, and ADCCP 
standards. 
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Frame Check Sequence (FCS) Field - The 16 bits 
preceding the closing flag is the FCS field. The FCS is the 
"cyclic redundancy check character (CRCC) " The 
polynomial x16 + x 12 + x5 + 1 is used both for the transmitter 
and receiver. Both the transmitter and receiver polynomial 
registers are initialized to all "Vs" prior to calculation of the 
FCS The transmitter calculates the FCS on all bits of the ad- 
dress, control, logical control (if selected), and information 
fields, and transmits the complement of the resulting re- 
mainder as FCS. The receiver performs the similar computa- 
tion on all bits of the address, control, logical control (if 
selected), information, and received FCS fields and com- 
pares the result to F0B8 (Hexadecimal). When the result 
matches F0B8, the Frame Valid status bit is set in the status 
register If the result does not match, the Error status bit is 
set The FCS generation, transmission, and checking are 
performed automatically by the ADLC transmitter and 
receiver The FCS field is not transferred to the Rx FIFO 

Invalid Frame - Any valid frames should have at least the 
A-field, C-field, and FCS field between the opening flag and 
the closing flag When invalid frames are received, the ADLC 
handles them as follows 

1. A short frame which has less than 25 bits between 
flags - the ADLC ignores the short frame and its 
reception is not reported to the MPU 

2 A frame less than 32 bits between the flags, or a frame 
32 bits or more with an extended A-field or C-field that 
is not completed. — This frame is transferred into the 
Rx FIFO The FCS/IF Error status bit indicates the 
reception of the invalid frame at the end of the frame. 

3. Aborted Frame — The frame which is aborted by 
receiving an abort or DCD failure is also an invalid 
frame Refer to "Abort" and "DCD status bit" 

Zero Insertion and Zero Deletion — The Zero insertion and 
deletion, which allows the content of the frame to be 
transparent, are performed by the ADLC automatically A 
binary 0 is inserted by the transmitter after any succession of 
five "Vs" within a frame (A, C, LC, I, and FCS field). The 
receiver deletes a binary 0 that follows successive five con- 
tinuous "Vs" within a frame 

Abort - The function of prematurely terminating a data 
link is called "abort " The transmitter aborts a frame by 
sending at least eight consecutive "Vs" immediately after 
the Tx Abort control bit in control register #4 is set to a "1". 
(Tx FIFO is also cleared by the Tx Abort control bit at the 
same time.) The abort can be extended up to (at least) 16 
consecutive "Vs", if the Abort Extend control bit in the con- 
trol register #4 is set when an abort is sent This feature is 
useful to force mark idle transmission. Reception of seven or 
more consecutive "Vs" is interpreted as an abort by the 
receiver. The receiver responds to a received abort as 
follows. 

1 An abort in an "out of frame" condition — an abort 
during the idle or time fill has no meaning. The abort 
reception is indicated in the status register as long as 
the abort condition continues; but neither an interrupt 
nor a stored condition occurs. The abort indication 
disappears after 15 or more consecutive "Vs" are 
received (Received Idle status is set ) 

2. An abort "in frame" after less than 26 bits are received 
after an opening flag - under this condition, any field 



of the aborted frame has not transferred to the MPU 
yet The ADLC clears the aborted frame data in the 
FIFO and clears flag synchronization. Neither an inter- 
rupt nor a stored status occurs The status indication 
is the same as (1) above 
3. An abort "in frame" after 26 bits or more are received 
after an opening flag - under this condition, some 
fields of the aborted frame might have been transfer- 
red onto the data bus The abort status is stored in the 
receiver status register and the data of the aborted 
frame in the ADLC is cleared The synchronization is 
also cleared. 

Idle and Time Fill - When the transmitter is in an "out of 
frame" condition (the transmitter is not transmitting a 
frame) , it is in an idle state Either a series of contiguous flags 
(time fill) or a mark idle (consecutive "Vs" on a bit-by-bit 
basis) is selected for the transmission in an idle state by the 
Flag/ Mark Idle control bit When the receiver receives 15 or 
more consecutive "Vs", the Receive Idle status bit is set and 
causes an interrupt. The flags and mark idle are not transfer- 
red to the Rx FIFO 



OPERATION 

INITIALIZATION 

During a power-on sequence, the ADLC is reset via the 
RESET input and internally latched in a reset condition to 
prevent erroneous output transitions. The four control 
registers must be programmed prior to the release of the 
reset condition The release of the reset condition is perform- 
ed via software by writing a "0" into the Rx RS control bit 
(receiver) and/or Tx RS control bit (transmitter) . The re lease 
of the reset condition must be done after the RESET input 
has gone high 

At any time during operation, writing a "1" into the Rx RS 
control bit or Tx RS control bit causes the reset condition of 
the receiver or the transmitter. 

TRANSMITTER OPERATION 

The Tx FIFO register cannot be pre-loaded when the 
transmitter is in a reset state. After the reset release, the 
Flag/Mark Idle control bit selects either the mark idle state 
(inactive idle) or the Flag "time fill" (active idle) state. This 
active or inactive mark idle state will continue until data is 
loaded into the Tx FIFO. 

The availability of the Tx FIFO is indicated by the TDRA 
status bit under the control of the 2-Byte/1- Byte control bit. 
TDRA status is inhibited by the Tx RS bit or CTS input being 
high When the 1-Byte mode is selected, one byte of the 
FIFO is available for data transfer when TDRA goes high. 
When the 2-Byte mode is selected, two successive bytes can 
be transferred when TDRA goes high 

The first byte (Address field) should be written into the Tx 
FIFO at the "Frame Continue" address. Then the transmis- 
sion of a frame automatically starts. If the transmitter is in a 
mark idle state, the transfer of an address causes an opening 
flag within two or three transmitter clock cycles. If the 
transmitter has been in a time fill state, the current time fill 
flag being transmitted is assumed as an opening flag and the 
address field will follow it. 
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FIGURE 8a - ADLC TRANSMITTER STATE DIAGRAM 
(Cjbj refers to control register bit) 
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FIGURE 8b - ADLC RECEIVER STATE DIAGRAM 



More 
Data 

<C 4 b 3 & C 4 b 4) 



More Than 
24 Bits of Data 





'Out-of-frama Abort (No IRQ) 



A frame continues as long as data is written into the Tx 
FIFO at the "Frame Continue" address. The ADLC internally 
keeps track of the field sequence in the frame. The frame for- 
mat is described in the "FRAME FORMAT" section. 

The frame is terminated by one of two methods. The most 
efficient way to terminate the frames from a software stand- 
point is to write the last data character into the Transmit 
FIFO "Frame Terminate" address (RS1, RS0=11) rather 
than the Transmit FIFO "Frame Continue" address (RS1, 
RS0= 10). An alternate method is to follow the last write of 
data in the Tx FIFO "Frame Continue" address with the set- 
ting of the Transmit Last Data control bit. Either method 



causes the last character to be transmitted and the FCS field 
to automatically be appended along with a closing flag. Data 
for a new frame can be loaded into the Tx FIFO immediately 
after the old frame data, if TDRA is high. The closing Flag 
can serve as the opening Flag of the next frame or separate 
opening and closing Flags may be transmitted. If a new 
frame is not ready to be transmitted, the ADLC will 
automatically transmit the Active (Flag) or Inactive (Mark) 
Idle condition. 

If the Tx FIFO becomes empty at any time during frame 
transmission (the FIFO has no data to transfer into transmit- 
ter shift register during transmission of the last half of the 
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next to last bit of a word), an underrun will occur and the 
transmitter automatically terminates the frame by transmit- 
ting an abort. The underrun state is indicated by the Tx 
Underrun status bit. 

Any time the Tx ABORT Control bit is set, the transmitter 
immediately aborts the frame (transmits at least 8 con- 
secutive "1's") and clears the Tx FIFO If the Abort Extend 
Control bit is set at the time, an idle (at least 16 consecutive 
"Vs") is transmitted. An abort or idle in an "out of frame" 
condition can be useful to gain 8 or 16 bits of delay. (For an 
example, see "Programming Considerati ons." ) 

The CTS (Clear-to-Send) input and FITS (Request-to- 
Send) output are provided for a MODEM or other hardware 
interface. 

The TDRA/FC status bit (when selected to be Frame 
Complete Status) can cause an interrupt upon frame com- 
pletion (i.e., a flag or abort completion). 

Details regarding the inputs and outputs, status bits, con- 
trol bits, and FIFO operation are described in their respective 
sections. 

RECEIVER OPERATION 

Data and a pre-synchronized clock are provided to the 
ADLC receiver section by means of the Receive Data (RxD) 
and Receive Clock (RxC) inputs. The data is a continuous 
stream of binary bits with the characteristic that a maximum 
of five "Vs" can occur in succession unless Abort, Flag, or 
Idling condition occurs. The receiver continuously (on a bit- 
by-bit basis) searches for Flags and Aborts. 

When a flag is detected, the receiver establishes frame 
synchronization to the flag timing. If a series of flags is 
received, the receiver resynchronizes to each flag. 

If the frame is terminated before the internal buffer time 
expires (the frame data is less than 25 bits after an opening 
flag), the frame is simply ignored. Noise on the data input 
(RxD) during time fill can cause this kind of invalid frame. 

The received serial data enters a 32-bit shift register (clock- 
ed by RxC) before it is transferred into the Rx Data FIFO. 
Synchronization is established when a Flag is detected in the 
first eight locations of the shift register. Once synchroniza- 
tion hub btun dchiovcd, data is clocked through to the last 
byte location of the shift register where it is transferred byte- 
per-byte into the Rx Data FIFO. The Rx Data FIFO is clocked 
by E to cause received data to move through the FIFO to the 
last empty register location. The Receiver Data Available 
status bit (RDA) indicates when data is present in the last 
register (Register #3) for the 1-Byte Transfer Mode. The 
2-Byte Transfer Mode causes the RDA status bit to indicate 
data is available when the last two FIFO register locations 
(Registers #2 and #3) are full. If the data character present in 
the FIFO is an address octet, the status register will exhibit 
an Address Present status condition. Data being available in 
the Rx Data FIFO causes an interrupt to be initiated (assum- 
ing the receiver interrupt is enabled, RIE="1"). The MPU 
will read the ADLC Status Register as a result of the interrupt 
or in its turn in a polling sequence. RDA or Address Present 
will indicate that receiver data is available and the MPU 
should subsequently read the Rx Data FIFO register The in- 
terrupt and status bit will then be reset automatically. If more 
than one character had been received and was resident in the 
Rx Data FIFO, subsequent E clocks will cause the FIFO to 
update and the RDA status bit and interrupt will again be 
SET. In the 2-Byte Transfer Mode both data bytes may be 



read on consecutive E cycles. Address Present provides for 1 
byte transfers only. 

The sequence of each field in the received frame is 
automatically handled by the ADLC. The frame format is 
described in the "FRAME FORMAT" section. 

When a closing flag is received, the frame is terminated. 
The 16 bits preceding the closing flag are regarded as the 
FCS and are not transferred to the MPU. Whatever data is 
present in the most-significant byte portion of the receiver 
buffer register it is right justified and transferred to the Rx 
FIFO. The frame boundary pointer, which is explained in the 
"Rx FIFO REGISTER" section, is set simultaneously in the 
Rx FIFO. The frame boundary pointer sets the Frame Valid 
status bit (when the frame was completed with no error) or 
the FCS/ IF Error Status bit (when the frame was completed 
with error) when the last byte of the frame appears at the last 
location of the Rx FIFO. As long as the Frame Valid or 
FCS/IF Error status bit is set, the data transfer from the 
second location of the Rx FIFO to the last location of the Rx 
FIFO is inhibited 

Any time the Frame Discontinue control bit is set, the 
ADLC discards the current frame data in the ADLC without 
dropping flag synchronization. This feature can be used to 
ignore a frame which is addressed to another station. 

The reception of an abort or idle is explained in the 
"FRAME FORMAT" section.' The details regarding the in- 
puts, outputs, status bits, control bits, and Rx FIFO opera- 
tion are described in their respective sections. 



LOOP MODE OPERATION 

The ADLC in the loop mode, not only performs the 
transmission and receiving of data frames in the manner 
previously described, but also has additional features for 
gaining and relinquishing loop control In Figure 9a, a con- 
figuration is shown which depicts loop mode operation. The 
system configuration shows a primary station and several 
secondary stations. The loop is always under control of the 
primary station. When the primary wants to receive data, it 
transmits a Poll sequence and allows frame transmission to 
secondary stations on the loop Each secondary is in series 
and adds one bit of delay to the loop Secondary A in the 
figure receives data from the primary via its Rx Data Input, 
delays the data 1 bit, and transmits it to secondary B via its 
Tx Data Output. Secondaries B, C, and D operate in a similar 
manner. Therefore, data passes through each secondary and 
is received back by the primary controller. 

Certain protocol rules must be followed in the manner by 
which the secondary station places itself on-loop (connects 
its transmitter output to the loop), goes active on the loop 
(starts transmitting its own station's data on the loop), and 
goes off the loop (disconnects its transmitter output). Other- 
wise loop data to other stations down loop would be in- 
terfered The data stream always flows the same way and 
the order in which secondary terminals are serviced is deter- 
mined by the hardware configuration . The primary controller 
times the delay through the loop. Should it exceed n -h 1 bit 
times, where n is the number of secondary terminals on the 
loop, it will indicate a loop failure. Control is transferred to a 
secondary by transmitting a "Go Ahead" signal following the 
closing Flag of a polling frame (request for a response from 
the secondary) from the primary station. The "Go Ahead" 
from the primary is a "0" and seven "1's" followed by mark 
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FIGURE 9a - TYPICAL LOOP CONFIGURATION 



Poll Frame" + "01 1 1 1 1 1 1 ..." 
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FIGURE 9b - EXAMPLE OF EXTERNAL LOOP LOGIC 




Down Loop Data 



idling. The primary can abort its response request by inter- 
rupting its idle with flags. The secondary should immediately 
stop transmission and return control back to the primary. 
When the secondary completes its frame, a closing flag is 
transmitted followed by all "Vs" The primary detects the 
final 01111111 . ("Go Ahead" to the primary) and control is 
given back to the primary. Note that, if a down-loop secon- 
dary (e.g., station D) needs to insert information following 
an up-loop station (eg., station A), the go ahead to station 
D is the last "0" of the closing flag from station A followed 
by "Vs". 

The ADLC in the primary station should operate in a non- 
loop full-duplex mode The ADLC in the secondaries should 
operate in a loop mode, monitoring up-loop data on its 
receiver data input. The ADLC can recognize the necessary 
sequences in the data stream to automatically go on/off the 
loop and to insert its own station data. The procedure is the 
following and is summarized in Table 1. 

(1) Go On-Loop - When the ADLC powers up, the ter- 
minal station will be off line The first task is to become an 
active terminal on the loop. The ADLC must be connected to 
a Loop Link via an external switc h as s how n in Figure 9a. 
After a hardware reset, the ADLC LOC/DTR Output will be 
in the high state and the up-loop receive data repeated 



through gate A to the down Loop stations. Any Up-Loop 
transmission will be received by the ADLC. The Loop 
Mode/Non-Loop Mode Control bit (bit 5 in Control Register 
3) must be set to place the ADLC in the Loop Mode. The 
ADLC now monitors its Rx Data input for a string of seven 
consecutive "Vs" which will allow a station to go on line. 
The Loop operation may be monitored by use of the Loop 
Status bit in Status Register 1 . After power up and reset, this 
bit is a zero. When seve n consecutive "Vs" are received by 
the ADLC the LOC/DTR output will go to a low level, disabl- 
ing gate A (refer to Figure 9b), enabling gate B and connec- 
ting the ADLC Tx Data output to the down Loop stations. 
The up Loop data is now repeated to the down Loop stations 
via the ADLC. A 1 -bit delay is inserted in the data (in NRZI 
mode, there will be a 2-bit delay) as it circulates through the 
ADLC The ADLC is now on-line and the Loop Status bit in 
Status Register 1 will be at a one. 

(2) Go Active after Poll - The receiver section will monitor 
the up-link data for a general or addressed poll command 
and the Tx FIFO should be loaded with data so that when the 
go ahead sequence of a zero followed by seven "Vs" 
(01111111 — ) is detected, transmission can be initiated im- 
mediately. When the polling frame is detected, the Go- 
Active-On-Poll control bit must be set (bit 6 in Control 
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TABLE 1 - SUMMARY OF LOOP MODE OPERATION 




STATE 


RX SECTION 


TX SECTION 


LOOP 
STATUS BIT 


OFF-LOOP 


Rx section receives data from loop and searches 
for 7 "1's" (when On-Loop Control bit set) to go 
ON-LOOP. 


Inactive 

1) NRZ MODE. Tx data output Is maintained 

"high" (mark). 

2) NRZI MODE.Tx data output reflects the Rx 

data Input state delayed by one 
bit time. (Not normally con- 
nected to loop.) The NRZI data 
Is Internally decoded to provide 
error-free transitions to On-Loop 
mode. 


"0" 


ON-LOOP 


1) When Go-Active on poll bit Is set, Rx section 
searches for 01111111 pettern (the EOP or 'Go 
Ahead') to become the ective terminal on the 
loop. 

2) When On-Loop control bit Is reset, Rx section 
searches for 8 "Ts" to go OFF-Loop. 


Inactive 

1) NRZ MODE. Tx data output reflects Rx data 

Input state delayed one bit time. 

2) NRZI MODE.Tx data output reflects Rx data 

input state delayed 2 bit times. 


"1" 


ACTIVE 


Rx section searches for flag (an Interrupt from the 
loop controller) at Rx dete Input. Received flag 
causes FD output to go low. IRQ is generated If 
RIE and FDSE control bits are set. 


Tx data originates within ADLC until Go Active on 
Poll bit Is reset and a flag or Abort is completed. 
Then returns to ON-Loop state. 


"0" 



Register 3). A maximum of seven bit times are available to 
set this control bit after the closing flag of the poll When the 
Go-Ahead is detected by the receiver, the ADLC will 
automatically change the seventh one to a zero so that the 
repeated sequence out gate B in Figure 9b is now an opening 
flag sequence (011111110). Transmission now continues 
from the Tx FIFO with data (address, control, etc.) as 
previously described. When the ADLC has gone active-on- 
poll, the Loop Status bit in Status Register 1 will go to a 
zero. The receiver searches for a flag, which indicates that 
the primary station is interrupting the current operation. 



(4) Go Off-Loop - The ADLC can drop off the Loop (go 
off-line) similar to the way it went on-line When the Loop 
On-Line control bit is reset the ADLC receive r section l ooks 
for eight successive "1's" before allowing the LOC/DTR out- 
put to return high (the inactive state) Gate A in Figure 9b 
will be enabled and gate B disabled allowing the loop to 
maintain continuity without disturbance. The Loop Status 
bit will show an off-line condition (logical zero) 



SIGNAL DESCRIPTIONS 



(3) Go Inactive w hen On -Loop - The Go-Active-On-Poll 
control bit may be Kbbbl at any time during transmission. 
When the frame is complete (the closing Flag or abort is 
transmitted), the Loop is automatically released and the sta- 
tion reverts back to being just a 1 -bit delay in the Loop, 
repeating up-link data. If the Go-Active-On-Poll control bit is 
not reset by software and the final frame is transmitted 
(Flag/Mark Idle bit = 0), then the transmitter will mark idle 
and will not release the loop to up-loop data. A Tx Abort 
command would have to be used in this case in order to go 
inactive when on the loop. Also, if the Tx FIFO was not 
preloaded with data (address, control, etc.) prior to chang- 
ing the "Go Ahead Character" to a Flag, the ADLC will either 
transmit flags (active idle character) until data is loaded 
(when Flag/ Mark Idle Control bit is high) or will go into an 
underrun condition and transmit an Abort (when Flag/Mark 
Idle control bit is low) . When an abort is transmitted, the Go- 
Active-on-Poll control bit is reset automatically and the 
ADLC reverts to its repeating mode, (TxD = delayed RxD). 
When the ADLC transmitter lets go of the loop, the Loop 
Status bit will return to a "1", indicating normal on-loop 
retransmission of up-loop data 



All inputs of ADLC are high-impedance and TTL- 
compatible level inputs. All outputs of the ADLC are com- 
patible with standard TTL. Interrupt Request (IRQ), 
however, is an open-drain output (no internal pullup). 

INTERFACE FOR MPU 

Bidirectional Data Bus (D0-D7) - These data bus I/O 
ports allow the data transfer between ADLC and system bus. 
The data bus drivers are three-state devices that remain in 
the high-impedance (off) state except when the MPU per- 
forms an ADLC read operation. 

Enable Clock (E) - E activates the address inputs (CS, 
RSO, and RS1) and R/W input and enables the data transfer 
on the data bus. E also moves data through the Tx FIFO and 
Rx FIFO. E should be a free-running clock such as the 
MC6800 MPU system clock 

Chip Select (CS) - An ADLC read or write operation is 
enabled only when the CS" input is low and the E clock input 
is high. (E-C5) 
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Register Selects (RS0,J*S1) - When the Register Select 
inputs are enabled by (E»CS), they select internal registers in 
conjunction with the Read/Write input and Address Control 
bit (control register 1 , bit 0). Register addressing is defined in 
Table 2. 

Read/Write Control Line (R/W) - The R/W input con- 
trols the direction of data flow_on the data bus when it is 
enabled by (E«CS). When R/W is high, the I/O Buffer acts 
as an output driver and as an input buffer when low. It also 
selects the Read Only and Write Only registers within the 
ADLC. 



Reset Input (RESET) - The RESET input provides a 
means of resettin g the A DLC from a hardware source. In the 
"low state," the RESET input causes the following 
*Rx Reset and Tx Reset are SET causing both the Receiv- 
er and Transmitter sections to be held in a reset condi- 
tion 

"Resets the following control bit s: Tra nsmit Abort, RTS, 
Loop Mode, and Loop On-Line/DTR. 

"Clears all store d st atus condit ion of the status registers. 

"Outputs. RTS and LOC/DTR go high. TxD goes to the 
mark state CTs" are transmitted). 

When RESET returns "high" (the inactive state) the 
transmitter and receiver sections will remain in the reset state 
until Tx Reset and Rx Reset are cleared via the data bus 
under s oftware control. The Contr ol Regis ter bits affected by 
RESET cannot be changed when RESET is "low." 

Interrupt Request Output (IRQ) - IRQ will be low if an in- 
terrupt situation exists and the appropriate interrupt enable 
has been set. The interrupt remains as long as th e cause for 
the interrupt is prese nt and the enable is set IRQ will be low 
as long as the IRQ status bit is set and is high if the IRQ 
status bit is not set. 

CLOCK AND DATA OF TRANSMITTER AND RECEIVER 

Transmitter Clock Input (TxC) - The transmitter shifts 
data on the negative transition of the TxC clock input When 
the Loop Mode or Test Mode is selected, TxC should be the 
same frequency and phase as the RxC clock. The data rate of 
the transmitter should not exceed the E frequency. 

Receiver Clock Input (RxC) - The receiver samples the 
data on the positive transition of the RxC clock RxC should 
be synchronized with receive data externally 

Transmit Data Output (TxD) - The serial data from the 
transmittei is coded in NRZ or NRZI (Zero Complement) data 
format. 

Receiver Data Input (RxD) - The serial data to be re- 
ceived by the ADLC can be coded in NRZ or NRZI (Zero 
Complement) data format The data rate of the receiver 
should not exceed the E frequency If a partial byte reception 
is possible at the end of a frame, the maximum data rate of 
the receiver is indicated by the following relationship 



fRxC^- 
where tE is the period of E 



1 



2tE + 300 ns 



PERIPHERAL/MODEM CONTROL 

Request-to-Send Output (RTS) - The Request-to-Send 
output is controlled by the Request-to-Send control bit in 
con junct ion with the state of th e transmitter section. When 
the RTS bit goes high, the R TS ou tput is forced low. When 
the RTS bit returns low, the RTS output remains low until 
the end of the frame and there is no further da ta in the Tx 
FIFO for a new frame. The positive transition of RTS occurs 
after the completion of a Flag, an Abort, or when the RTS 
control bit is reset duri ng a mark idling state When the 
RESET input is low, the RTS output goes high 

Clear-to-Send Input (CTS) - The CTS input provides a 
real-time inhibit to the TDRA statu s bit and its associated in- 
terrupt. The positive transition of CTS is stored within the 
ADLC to ensure its occu rrence will be acknowledged by the 
system. The stored CTS information and its associated IRQ 
(if enabled) are cleared by writing a "1" in the Clear Tx 
Status bit or in the Transmitter Reset bit 

Data-Carrier-Detect Input (DCD)-The DCD input pro- 
vides a real-t ime inhibit to the receiver section. A high level 
on the DCD input resets and inhibits the receiver register, 
but data in the Rx FIFO from a pre vious frame is not disturb- 
ed. The positive transition of DCD is stored within the ADLC 
to ensure that its o ccurr ence will be acknowledged by the 
system. The stored DCD information and its associated IRQ 
(if enabled) are cleared by means of the Clear Rx Status Con- 
trol bit or by the Rx Reset bit. 

Loop On -Line Contr o l /Da ta Terminal Read y Ou tput 
(LOC/DTR) - The LOC/DTR output serves as a DTR out- 
put in the non-loo p mo d e or as a Loop Control ou tput in the 
loop mode. When LOC/DTR output perform s the DTR func- 
tion, it is turned o n an d off b y means of the LOC/DTR con- 
trol bit When the LOC/DTR control bit is high th e DTR out- 
put will be low In the loop mode the LOC/DTR output pro- 
vides the means of controlling the externa l loo p inte rface 
hardware to go On-line or Off-line. When the LOC/DTR con- 
trol bit is SET and the loo p has "idle d" for 7 bit times or more 
(RxD = 0n i1111.. .), the LOC/DTR output will go low (on- 
line) The RESET input being low will cause the LOC/DTR 
output to be high. 

Flag Detect Output (FD) - An output to indicate the 
reception of a flag and initiate an external time-out counter 
for the loop mode operation The FD output goes low for 1 
bit time beginning at the last bit of the flag character, as 
sampled by the receiver clock (RxC). 



DMA INTERFACE 

Receiver Data Service Request Output (RDSR) - The 

RDSR Output is provided primarily for use in DMA Mode 
operation and indicates (when high) that the Rx FIFO re- 
quests service (RSDR output reflects the RDA status bit 
regardless of the state of the RDSR mode control bit in 
CRD. If the prioritized Status Mode is selected, RDSR will 
be inhibited when any other receiver status conditions are 
present RDSR goes low when the Rx FIFO is read. 
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Transmitter Data Service Request Output (TDSR) - The 
TDSR Output is provided for DMA mode operation and in- 
dicates (when high) that the Tx FIFO request service 
regardless of the state of the TDSR Mode Control bit in CR1. 
TDSR goes low when the Tx FIFO is loaded. TDSR is in- 
hibited by: the Tx RS control bit being SET, RESET being 
low, or CTS being high. If the prioritized status mode is us- 
ed, Tx Underrun also inhibits TDSR. TDSR reflects the 
TDRA status bit except in the FC mode. In the FC mode the 
TDSR line is inhibited. 

ADLC REGISTERS 

Eight registers in the ADLC can be accessed by means of 
the MPU data and address buses. The registers are defined 
as read-only or write-only according to the direction of infor- 
mation flow. The addresses of these registers are defined in 
Table 2. The transitter FIFO register can be accessed by two 
different addresses, the "Frame Terminate" address and the 
"Frame Continue" address. (The function of these addresses 
are discussed in the FIFO section.) 



TABLE 2 - REGISTER ADDRESSING 



Register Selected 


R/W 


RS1 


RSO 


Address 
Control Bit 
(C^q) 


Write Control Register #1 


0 


0 


0 


X 


Write Control Register #2 


0 


0 


1 


0 


Write Control Register #3 


0 


0 


1 


1 


Write Transmit FIFO 
(Frame Continue) 


0 


1 


0 


X 


Write Transmit FIFO 
(Frame Terminate) 


0 


1 


1 


0 


Write Control Register #4 


0 


1 


1 


1 


Read Status Register #1 


1 


0 


0 


X 


Read Status Register #2 


1 


0 


1 


X 


Read Receiver FIFO 


1 


1 


X 


X 



RECEIVER DATA FIRST-IN FIRST-OUT REGISTER 

Rx FIFO - The Rx FIFO consists of three 8-bit registers 
which are used for the buffer storage of received data Data 
bytes are always transferred from a full register to an adja- 
cent empty register; and both phases of the E input clock are 



used for the data transfer. Each register has pointer bits 
which point the frame boundary. When these pointers ap- 
pear at the last FIFO location, they update the Address Pre- 
sent, Frame Valid, or FCS/IF Error status bits. 

The RDA status bit indicates the state of the Rx FIFO. 
When RDA status bit is "1", the Rx FIFO is ready to be read. 
The RDA status is controlled by the 2-Byte/1-Byte control 
bit When overrun occurs, the data in the first byte of the Rx 
FIFO are not longer valid 

Both the Rx Reset bit and RESET input cl ear th e Rx FIFO 
Abort ("in Frame") and a high level on the DCD input also 
clears the Rx FIFO, but the last bytes of the previous frame, 
which are separated by the frame boundary pointer, are not 
disturbed. 



TRANSMITTER DATA FIRST-IN FIRST-OUT REGISTER 

Tx FIFO - The Tx FIFO consists of three 8-bit registers 
which are used for buffer storage of data to be transmitted 
Data is always transferred from a full register to an empty ad- 
jacent register, the transfer occurs on both phases of the E 
input clock The Tx FIFO can be addressed by two different 
register addresses, the "Frame Continue" address and the 
"Frame Terminate" address Each register has pointer bits 
which point to the frame boundary. When a data byte is writ- 
ten at the "Frame Continue" address, the pointer of the first 
FIFO register is set When a data byte is written at the 
"Frame Terminate" address, the pointer of the first FIFO 
register is reset Rx RS control bit or Tx Abort control bit 
resets all pointers The pointer will shift through the FIFO 
When a positive transition is detected at the third location of 
FIFO, the transmitter initiates a frame with an open flag 
When the negative transition is detected at the third location 
of FIFO, the transmitter closes a frame, appending the FCS 
and closing Flag to the last byte 

The Tx last control bit can be used instead of using the 
"Frame Term.nate" address When the Tx last control bit is 
set with a "1", the logic searches the last byte location in the 
FIFO and resets the pointer in the FIFO register 

The status of Tx FIFO is indicated by the TDRA status bit 
When TDRA is "1", the Tx FIFO is available for loading data 
The TDRA status is controlled by the 2-Byte/ 1-Byte c ontrol 
bit The Tx FIFO is reset by both Tx R eset and RESET input 
During this reset condition or when CTS input is high, the 
TDRA status bit is suppressed and data loading is inhibited 
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ADLC INTERNAL REGISTER STRUCTURE 







RS1 RSO = 00 


RSI RSO = 01 


RS1 RSO = 10 


RS1 RSO = 11 




Bit # 


Status Register #1 


Status Register #2 


Receiver Data 
Register 






0 


RDA 


Address Present 


Bit 0 




jisters 


1 


Status #2 
Read Request 


Frame Valid 


Bit 1 




a. 


2 


Loop 


Inactive Idle Received 


Bit 2 




Only 


3 


Flag Detected 
(When Enabled) 


Abort Received 


Bit 3 


Same as RSI, RSO = 10 


■D 


4 


CTS 


FCS Error 


Bit 4 




a. 


5 


Tx Underrun 


DCD 


Bit 5 






6 


TDRA/Frame 
Complete 


Rx Overrun 


Bit 6 






7 


IRQ Present 


RDA (Receiver Data Available) 


Bit 7 









Transmitter 


Transmitter j 




... I. 






| Data^^ 


Dalai 
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CONTROL REGISTERS 



CONTROL REGISTER 1 (CR1) 





7 


6 


5 


4 


3 


2 


1 


0 


RS1 RSO R/W AC 
0 0 0 X 


TxRS 


RxRS 


Discontinue 


TDSR 

Mode 


RDSR 
Mode 


TIE 


RIE 


AC 




bO — Address Control (AC) - AC provides another RS 
(Register Select) signal internally. The AC bit is used in con- 
junction with RSO, RS1, and R/Winputs to select particular 
registers, as shown in Table 2. 

b1 — Receiver Interrupt Enable (RIE) - RIE 

enables/disables the interrupt request caused by the receiver 
section. 1.. enable, 0... disable. 

b2 — Transmitter Interrupt Eanble (TIE) - TIE 

enables/disables the interrupt request caused by the 
transmitter. 1... enable, 0... disable. 

b3 — Receiver Data Service Request Mode (RDSR 
MODE) - The RDSR MODE bit provides the capability of 
operation with a bus system in the DMA mode when used in 
conjunction with the prioritized status mode. When RDSR 
MODE is set, an interrupt request caused by RDA status is 
inhibited, and the ADLC does not request data transfer via 
the IRQ output 

b4 — Transmitter Data Service Request Mode (TDSR 
MODE) - The TDSR MODE bit provides the capability of 
operation with a bus system in the DMA mode when used in 
conjunction with the prioritized status mode. When TDSR 
MODE is set, an interrupt request caused by TDRA status is 
inhibited, and the ADLC does not request a data transfer via 
the IRQ output. 



b5 - Rx Frame Discontinue (DISCONTINUE) - When 
the DISCONTINUE bit is set, the currently received frame is 
ignored and the ADLC discards the data of the current 
frame. The DISCONTINUE bit only discontinues the current- 
ly received frame and has no affect on subsequent frames, 
even if a following frame has entered the receiver section 
The DISCONTINUE bit is automatically reset when the last 
byte of the frame is discarded When the ignored frame is 
aborted by receiving an Abort or DCD failure, the DISCON- 
TINUE bit is also reset 

b6 — Receiver Reset (Rx RS) - When the Rx RS bit is 
"1", the receiver section stays in the reset condition. All 
reciever sections, including the Rx FIFO register and the 
receiver status bits in both status registers, are reset. (During 
reset, the s tored DCD status is reset but the DCD status bit 
foll ows the DCD input.) Rx RS is set by forcing a low level on 
the RESET input or by writing a "1" into the bit from the 
data bus Rx RS must be reset by writing a "0" from the data 
buz after RESET has gone high 

b7 — Transmitter Reset (Tx RS) - When the Tx RS bit is 

"1", the transmitter section stays in the reset condition and 
transmits marks ("1's"). All transmitter sections, including 
the Tx FIFO and the transmitter status bits, are reset (FIFO 
cannot be loaded) During reset, the s tored CTS status is 
reset but the CTS status bit foll ows the CTS input. Tx RS is 
set by forcing a low level on the RESET input or by writing a 
"1" fro m the data bus. It must be reset by writing a "0" after 
RESET has gone high. 
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bO - Prioritized Status Enable (PSE) - When the PSE bit 
is SET, the status bits in both status registers are prioritized 
as defined in the Status Register section When PSE is low, 
the status bits indicate current status without bit suppres sion 
by other status bits. The exception to this rule is the CTS 
status bit which always supresses the TDRA status. 

b1 - 2-Byte/1-Byte Transfer (2/1 Byte) - When the 2/1 
Byte bit is RESET the TDRA and RDA status bits then will in- 
dicate the availability of their respective data FIFO registers 
for a single-byte data transfer Similarly, if 2/1 Byte is set, 
the TDRA and RDA status bit indicate when two bytes of 
data can be moved without a second status read. 

b2 - Flag/ Mark Idle Select (F/M Idle) - The F/M Idle bit 
selects Flag characters or bit-by-bit Mark Idle for the time fill 
or the idle state of the transmitter. When Mark Idle is 
selected, Go-Ahead code can be generated for loop opera- 
tion in conjunction with the 01/11 Idle control bit (C3b3) 
1 .Flag time fill, 0... Mark Idle 

b3 - Frame Complete/TDRA Select (FC/TDRA 
Select) - The FC/TDRA Select bit selects TDRA status or 
FC status for the TDRA/FC status bit indication. 1 .FC 
status, 0 TDRA status. 

b4 — Transmit Last Data (Tx Last) - Tx Last bit provides 
another method to terminate a frame. This bit should be set 



after loading the last data byte and before the Tx FIFO emp- 
ties. When the Tx Last bit is set, the ADLC assumes the byte 
is the last byte and terminates the frame by appending CRCC 
and a closing Flag This control bit is useful for DMA opera- 
tion Tx Last bit automatically returns to the "0" state. 

b5 — Clear Receiver Status (CLR Rx ST) - When a "1" is 
written into the CLR Rx ST bit, a reset signal is generated for 
the receiver status bits in status registers #1 and #2 (except 
AP and RDA bits). The reset signal is enabled only for the 
bits which have been present during the last "read status" 
operation. The CLR Rx ST bit automatically returns to the 
"0" state 

b6 - Clear Transmitter Status (CLR Tx ST) - When a 
"1" is written into CLR Tx ST bit, a reset signal is generated 
for the transmitter status bits in status register #1 (except 
TDRA) The reset signal is enabled for the bits which have 
been present during the last "read status" operation. The 
CLR Tx ST bit automatically returns to the "0" state 

b7 — Request-to-Send Control (RTS) - The RTS bit, 
when high, causes the RTS output to be low (the active 
state). When the RTS bit returns low and data is being 
transmitted, the RTS output remains low until the last 
character of the frame (the closing Flag or Abort) has been 
completed and the Tx FIFO is empty. If t he tr ansmitter is idl- 
ing when the RTS bit returns low, the RTS output will go 
high (the inactive state) within two bit times. 
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bO - Logical Control Field Select (LCF) - The LCF select 
bit causes the first byte(s) of data belonging to the informa- 
tion field to remain 8-bit characters until the logical control 
field is complete. The logical control field (when selected) is 
an automatically extendable field which is extended when bit 
7 of a logical control character is a "1 ." When the LCF Select 
bit is reset the ADLC assumes no logical control field is pre- 
sent for either the transmit or received data channels When 
the logical control field is terminated, the word length of the 
information data is then defined by WLSi and WLS2- 

b1 - Extended Control Field Select (Cgx) - When the 
Cex bit is a "1", the control field is extended and asusmed to 
be 16 bits. When Cex is "0", the control field is assumed to 
be 8 bits. 

b2 — Auto/ Address Extend Mode (Aex) - The Aex bit 

when "low" allows full 8 bits of the address octet to be utiliz- 
ed for addressing because address extension is inhibited. 
When the Aex bit is "high," bit 0 of address octet equal to 
"0" causes the Address field to be extended by one octet. 
The exception to this automatic address field extension is 
when the first address octet is all "O's" (the Null Address). 

b3- 01/11 Idle (01/11 Idle) - The 01/11 Idle Control bit 
determines whether the inactive (Mark) idle condition begins 
with a "0" or not. If the 01 / 1 1 Idle Control is SET, the closing 
flag (or Abort) will be followed by a 011111. ..pattern. This is 
required of the controller for the "Go Ahead" character in 
the Loop Mode. When 01/11 is RESET, the idling condition 
will be all "1's". 

b4 - Flag Detect Status Enable (FDSE) - The FDSE bit 
enables the FD status bit in Status Register #1 to indicate the 
occurrence of a received Flag character. The status indica- 
tion will be accompanied by an interrupt if RIE is SET Flag 



detection will cause the Flag Detect output to go low for 1 bit 
time regardless of the state of FDSE 

b5 - LOOP/NON-LOOP Mode (LOOP) - When the 
LOOP bit is set, loop mode operation is selected and the 
GAP/TST control bit, LOC/DTR control bit and LOC/DTR 
output are selected to perform the loop control functions 
When LOOP is reset, the ADLC operates in the point-to- 
point data communications mode 

b6 - Go Active On Poll/Test (GAP/TST) - In the Loop 
Mode — The GAP/TST bit is used to respond to the poll se- 
quence and to begin transmission When GAP/TST is set, 
the receiver searches for the "Go Ahead" (or End of Poll, 
EOP) The receiver "Go ahead" is converted to an opening 
Flag and the ADLC starts its own transmission. When 
GAP/TST is reset during the transmission, the end of the 
frame (the completion of Flag or Abort) causes the termina- 
tion of the "go-active-on-poll" operation and the Rx Data to 
Tx Data link is re-established. The ADLC then returns to the 
"loop-on-line" state. 

In the Non-Loop Mode - The GAP/TST bit is used for 
self-test purposes If GAP/TST bit is set, the TxD output is 
connected to the RxD input internally, and provides a "loop- 
back" feature. For normal operation, the GAP/TST bit 
should be reset. 

b7 - Loop On-Line Control/ DTR Control (LOC/DTR) - 

In the Loop Mode - The LOC/DTR bit is used to go on-line 
or to go off-line. When LOC/DTR is set, the ADLC goes to 
the on-line state after 7 consecutive "1's" occur at the RxD 
input. When LOC/DTR is reset, the ADLC goes to the "off- 
line" state after eight consecutive "1's" occur at the RxD in- 
put. 

In the Non-Loop Mod e - The LOC/DTR bit direc tly con- 
trols the Loop On-Li ne/DT R output state. 1...DTR output 
goes to low level, 0 DTR output goes to high level. 
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bO — Double Flag/ Single Flag Interframe Control 

("FF'VF") - The "FF'VF" Control bit determines 
whether the transmitter will transmit separate closing and 
opening Flags when frames are transmitted successively. 
When the "FF'VF" control bit is low, the closing flag of the 
first frame will serve as the opening flag of the second frame. 
When the bit is high, independent opening and closing flags 
will be transmitted 



1 -bit delay is added to the transmitted data (TxD) to allow for 
NRZI encoding 1. .NRZI, 0...NRZ. 

NOTE 

NRZI coding - The serial data remains in the same 
state to send a binary "1" and switches to the op- 
posite state to send a binary "0" 



b1, b2 - Transmitter Word Length Select (Tx WLS1 and 
WLS2) - Tx WLS1 and WLS2 are used to select the word 
length of the transmitter information field The encoding for- 
mat is shown in Table 3. 

b3, b4 - Receiver Word Length Select (Rx WLS1 and 
WLS2) - Rx WLS1 and WLS2 are used to select the word 
length of the receiver information field. The encoding format 
is shown in Table 3. 



TABLE 3 - l-FIELD CHARACTER LENGTH SELECT 
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b5 — Transmit Abort (ABT) - The ABT bit causes an 
Abort (at least 8 bits of "1" in succession) to be transmitted. 
The Abort is initiated and the Tx FIFO is cleared when the 
control bit goes high. Once Abort begins, the Tx Abort con- 
trol bit assumes the low state. 

b6 - Abort Extend (ABTex) - If ABTex is set, the abort 
code initiated by ABT is extended up to at least 16 bits of 
consecutive "1's", the mark Idle State. 

b7 - NRZI (Zero Complement)/NRZ Select 
(NRZI/NRZ) - NRZI/NRZ bit selects the transmit/receive 
data format to be NRZI or NRZ in both Loop Mode or Non- 
Loop mode operation. When the NRZI Mode is selected, a 



STATUS REGISTER 

The Status Register #1 is the main status register. The IRQ 
bit indicates whether the ADLC requests service or not. The 
S2RQ bit indicates whether any bits in status register #2 re- 
quest any service. TDRA and RDA, because they are most 
often used, are located in bit positions that are more conve- 
nient to test. RDA reflects the state of the RDA bit in status 
register #2. 

The Status Register #2 provides the detailed status infor- 
mation contained in the S2RQ bit and these bits reflect 
receiver status. The FD bit is the only receiver status which is 
not indicated in status register #2. 

The prioritized status mode provides maximum efficiency 
in searching the status bits and indicates only the most im- 
portant action required to service the ADLC. The priority 
trees of both status registers are provided in Figure 10. 

Reading the status register is a non-destructive process. 
The method of clearing status depends upon the bit's func- 
tion and is discussed for each bit in the register. 

FIGURE 10 - STATUS REGISTER PRIORITY TREE (PSE= 1) 



Decreasing 
Priority 



(Tx) 
,~ CTS 
I 

I TXU 
* TDRA/FC 



SR #1 
(Rx) 

FD 

I 

S2RQ 
I 

RDA 



SR#2 (Rx) 
ERR, FV, DCD, 
OVRN, Rx ABT 
I 

Rx Idle 

AP 
I 

RDA 



•Prioritized even when PSE = 0 

NOTE. Status bit above will inhibit one below it. 



MOTOROLA MICROPROCESSOR DATA 



o i oin 



MC6854 



STATUS REGISTER 1 (SR1) 











7 


6 


5 


4 


3 


2 


1 


0 


RS1 


RSO 


R/W 


AC 


IRQ 


TDRA/FC 


TXU 


CTS 


FD 


LOOP 


S2RQ 


RDA 


0 


0 


1 


X 



















bO — Receiver Data Available (RDA) - The RDA status 
bit reflects the state of the RDA status bit in status register 
#2. It provides the means of achieving data transfers of 
received data in the full Duplex Mode without having to read 
both status registers. 

b1 - Status Register #2 Read Request (S2RQ) - All the 

status bits (stored conditions) of status register #2 (except 
RDA bit) are logically ORed and indicated by the S2RQ 
status bit. Therefore, S2RQ indicates that status register #2 
needs to be read. When S2RQ is "0", it is not necessary to 
read status register #2. The bit is cleared when the ap- 
propriate bits in status register #2 are cleared or when Rx 
Reset is used. 

b2 - Loop Status (LOOP) - The LOOP status bit is used 
to monitor the loop operation of the ADLC This bit does not 
cause an IRQ. When Non-Loop Mode is selected, LOOP bit 
stays "0". When Loop Mode is selected, the LOOP status bit 
goes to "1" during "On-Loop" condition When ADLC is in 
an "Off-Loop" condition or "Go-Active-On-Poll" condition, 
the LOOP status bit is a "0" 

b3 — Flag Detected (FD) - The FD Status bit indicates 
that a flag has been received if the Flag Detect Enable control 
bit has been set. The bit goes high at the last bit of the Flag 
Character received (when the Flag Detect Output goes low) 
and is stored until cleared by Clear Rx Status or Rx Reset 

b4 — Clear-to-Send (CTS) - The CTS input positive tran- 
sition is stored in the status register and causes an IRQ (if 
Enabled). The stored CTS condition and its IRQ are cleared 
by Clear Tx Status control bit or Tx Reset bit. After the 
stor ed st atus is reset, the CTS status bit reflects the state of 
the CTS input. 



b5 — Transmitter Underrun (TxU) - When the transmit- 
ter runs out of data during a frame transmission, an underrun 
occurs and the frame is automatically terminated by 
transmitting an Abort. The underrun condition is indicated 
by the TxU status bit TxU can be cleared by means of the 
Clear Tx Status Control bit or by Tx Reset. 

b6 — Transmitter Data Register Available/ Frame Com- 
plete (TDRA/FC) - The TDRA Status bit serves two pur- 
poses depending upon the state of the Frame Com- 
plete/TDRA Select control bit. When this bit serves as a 
TDRA status bit, it indicates that data (to be transmitted) 
can be loaded into the Tx Data FIFO register The first 
register (Register #1) of the Tx Data FIFO being empty 
(TDRA= "1") will be indicated by the TDRA Status bit in the 
"1-Byte Transfer Mode." The first two registers (Registers 
#1 and #2) must be empty for TDRA to be high when in the 
"2-B yte Transfer Mode " TDRA is inhibited by Tx Reset, or 
CTS being high. 

When the Frame Complete Mode of operation is selected, 
the TDRA/FC status bit goes high when an abort is transmit- 
ted or when a flag is transmitted with no data in the Tx FIFO. 
The bit remains high until cleared by resetting the TDRA/FC 
control bit or setting the Tx Reset bit. 

b7 — Interrupt Request (IRQ ) -The Interrupt Request 
statu s bit indicates when the IRQ output is in the active state 
(IRQ Output= "0"). The IRQ stat us bit is subject to the same 
interrupt enables (RIE, TIE) as the IRQ output, i e , with both 
transmitter and receiver interrupts enabled, the IRQ status 
bit is a logical ORed indication of Status Register 1 status 
bits. The IRQ bit only reflects the set status bits which have 
interrupts enabled. The IRQ status bit simplifies status in- 
quiries for polling systems by providing single bit indication 
of service requests. 
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bO — Address Present (AP) - The AP status bit provides 
the frame boundary and indicates an Address octet is 
available in the Rx Data FIFO register. In the Extended Ad- 
dressing Mode, the AP bit continues to indicate addresses 
until the Address field is complete. The Address present 
status bit is cleared by reading data or by Rx Reset. 

b1 — Frame Valid (FV) - The FV status bit provides the 
frame boundary indication to the MPU and also indicates 
that a frame is complete with no error. The FV status bit is 
set when the last data byte of a frame is transferred into the 
last location of the Rx FIFO (available to be read by MPU). 
Once FV status is set, the ADLC stops further data transfer 
into the last location of the Rx FIFO (in order to prevent the 
mixing of two frames) until the status bit is cleared by the 
Clear Rx Status bit or Rx Reset 

b2 — Inactive Idle Received (Rx Idle) - The Rx Idle status 
bit indicates that a minimum of 15 consecutive "1's" have 
been received The event is stored within the status register 
and can cause an interrupt. The interrupt and stored condi- 
tion are cleared by the Clear Rx Status Control bit The 
Status bit is the Logical OR of the receiver idling detector 
(which continues to reflect idling until a "0" is received) and 
the stored inactive idle condition. 

b3 - Abort Received (RxABT) - The RxABT status bit 
indicates that seven or more consecutive "Vs" have been 
received Abort has no meaning under out-of-frame condi- 
tions; therefore, no interrupt nor storing of the status will oc- 
cur unless a Flag has been detected prior to the Abort. An 
Abort Received when "in frame" is stored in the status 
register and causes an IRQ The status bit is the logical OR of 
the stored conditions and the Rx Abort detect logic, which is 
cleared after 15 consecutive "Vs" have occurred. The stored 



Abort condition is cleared by the Clear Rx Status Control bit 
or Rx Reset 

b4 — Frame Check Sequence/ Invalid Frame Error 
(ERR) — When a frame is complete with a cyclic redundancy 
check (CRC) error or a short frame error (the frame does not 
have complete Address and Control fields), the ERR status 
bit is set instead of the Frame Valid status bit. Other func- 
tions, frame boundry indication and control function, are ex- 
actly the same as for the Frame Valid status bit. Refer to the 
FV status bit. 

b5 — Dat a Carrier Detect (DCD) - A positive transition 
on the DCD input is stored in the status register and causes 
an IRQ (if enabled) The stored DCD condition and its IRQ 
are cleared by the Clear Rx Status Control bit or RX Reset. 
After stored status is reset, the DCD status bit follows the 
state of the input Both the stored DCD condition and the 
DCD input cause the reset of the receiver section when they 
are high 

b6 — Receiver Overrun (OVRN) - OVRN status indicates 
that receiver data has been transferred into the Rx FIFO 
when it is full, resulting in data loss The OVRN status is 
cleared by the Clear Rx Status bit or Rx Reset Continued 
overrunning only destroys data in the first FIFO Register. 

b7 — Receiver Data Available (RDA) - The Receiver Data 
Available status bit indicates when receiver data can be read 
from the Rx Data FIFO. When the prioritized status mode is 
used, the RDA bit indicates that non-address and non-last 
data are available in the Rx FIFO. The receiver data being 
present in the last register of the FIFO causes RDA to be high 
for the "1-Byte Transfer Mode." The RDA bit being high in- 
dicates that the last two registers are full when in the "2-Byte 
Transfer Mode." The RDA status bit is reset automatically 
when data is not available. 
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1. Status Priority - When the prioritized status mode is us- 
ed, it is best to test for the lowest priority conditions first. 
The lowest priority conditions typically occur more fre- 
quently and are the most likely conditions to exist when 
the processor is interrupted. 

2. Stored vs Present Status - Certain status bits (DCD, 
CTS, Rx Abort, and Rx Idle) indicate a status which is the 
logical OR of a stored and a present condition. It is the 
stored status that causes an interrupt and which is 
cleared by a Status Clear control bit. After being cleared, 
the status register will reflect the present condition of an 
input or a receiver input sequence. 

3. Clearing Status Registers - In order to clear an interrupt 
with the two Status Clear control bits, a particular status 
condition must be read before it can be cleared. In the 
prioritized mode, clearing a higher priority condition 
might result in another TROT caused by a lower priority 
condition whose status was suppressed when a status 
register was first read. This guarantees that a status con- 
dition is never inadvertently cleared. 

4. Clearing the Rx FIFO - An Rx Reset will effectively clear 
the contents of all three Rx FIFO bytes However, the 
FIFO may contain data from two different frames when 
abort or DCD failure occurs. When this happens, the data 
from a previously closed frame (a frame whose closing 
flag has been received) will not be destroyed. 

5. Servicing the Rx FIFO in a 2-Byte Mode - The procedure 
for reading the last bytes of data is the same, regardless of 
whether the frame contains an even or an odd number of 
bytes. Continue to read 2 bytes until an interrupt cocurs 
that is caused by an end-of-frame status (FV or ERR) 
When this occurs, indicating the last byte either has been 
read or is ready to be read, switch temporarily to the 
1-byte mode with no prioritized status (control register 2) 



Test RDA to indicate whether a 1-byte read should be 
performed. Then clear the frame end status. 

6. Frame Complete Status and RTS Release - In many 
cases, a MODEM will require a delay for releasing RTS. 
An 8-bit or 16-bit delay can be added to the ADLC RTS 
output by using an Abort. At the end of a transmission, 
frame complete status will indicate the frame completion. 
After frame complete status goes high, write "1" into the 
Abt control bit (and Abt Extend bit if a 16-bit delay is re- 
quired). After the Abt control bit is set, write "0" into the 
RTS control bit. The tr ansm itter will transmit eight or six- 
teen "Vs" and the RTS output will then go high 
(inactive). 

7. Note to users not using the MC6800 - (a) Care should be 
taken when performing a write followed by a read on suc- 
cessive E pulses at a high frequency rate. Time must be 
allowed for status changes to occur. If this is done, the 
time that E is low between successive write/read E pulses 
should be at least 500 ns. (b) The ADLC is a completely 
static part. However, the E frequency should be high 
enough to move data through the FIFOs and to service 
the peripheral requirements. Also, the period between 
successive E pulses should be less than the period of RxC 
or TxC in order to maintain synchronization between the 
data bus and the peripherals 

8. Clear-to-Send (CTS) - The CTS input, when high, pro- 
vides a real-time inhibit to the TDRA status bit and its 
associated interrupt. All othe r stat us bits will be opera- 
tional. Since it inhib its T DRA, CTS also inhibts the TDSR 
DMA request. The CTS input being high does not affect 
any other part of the transmitter Information in the Tx 
FIFO and Tx Shift Register will, therefore, continue to be 
transmitted as long as the Tx CLK is running. 
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ORDERING INFORMATION 




Package Type 


Frequency (MHz) 


Temperature 


Order Number 


Cerdip 


1.0 


0°C to 70°C 


MC6854S 


S Suffix 


1.0 


-40°C to 85°C 


MC6854CS 




1.5 


0°C to 70°C 


MC68A54S 




1.5 


-40X to 85°C 


MC68A54CS 




20 


0°C to 70°C 


MC68B54S 


Plastic 
P Suffix 


1.0 
1.0 
1.5 


0°C to 70°C 
-40"C to 85°C 
0°C to 70°C 
- .,r'° ->■/!<:, ^ 


MC6854P 

MC6854CP 

MC68A54P 




i 
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PIN ASSIGNMENT 



vss[ 

RTS[ 
RxD[ 
RxC[ 
TxC[ 
TxD[ 6 
IRQ[ 7 
RESET[ 8 
CS[ 
RSO[ 
RS1[ 
R/W[ 
E[ 

vcc[ 



1 • 

2 
3 
4 
5 



\7 



]CTS 
]DCD 
]LOC/DTR 



]FLAG DET 
]TDSR 
]RDSR 
]D0 
]D1 
]D2 
]D3 
]D4 
]D5 
]D6 
D7 
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SEMICONDUCTOR 

TECHNICAL DATA 



MC68488 



General Purpose Interface Adapter 

The MC68488 GPIA provides the means to interface between the IEEE-488 standard instrument 
bus and the M6800 MPU Family. The GPIB instrument bus provides a means of controlling and 
moving data between instruments connected to it. 

The MC68488 will automatically handle all handshake protocol needed on the instrument bus. 

• Single- or Dual-Primary Address Recognition 

• Secondary Address Capability (Talker or Listener) 

• Complete Source and Acceptor Handshakes 

• Programmable Interrupts 

• RFD Holdoff to Prevent Data Overrun 

• Operates with DMA Controller 

• Serial- and Parallel-Polling Capability 

• Talk-Only or Listen-Only Capability 

• Selectable Automatic Features to Minimize Software 

• Synchronization Trigger Output 

• M6800 Bus Compatible 



MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


vcc 


-0 3 to +7 0 


V 


Input Voltage 


V, n 


-0.3 to + 7 0 


V 


Operating Temperature Range 


T A 


0 to +70 


°c 


Storage Temperature Range 


T stg 


-55 to + 150 


°c 



THERMAL CHARACTERISTICS 



Characteristic 


Symbol 


Value 


Rating 


Thurnidl Resistance 






CVV 


Cerdip 


60 




Plastic 




100 





This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields, however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit Reliability of operation is 
enhanced if unused inputs are tied to an ap- 
propriate logic voltage (e g , either V$s or 

vcc' 



This document contains information on a new product Specifications and information herein are subject to change without notice. 
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FIGURE 1 — GPIB INTERFACE 
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GPIA 
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Note The four MC3448A quad bus transceivers can be replaced by two MC3447 octal bus transceivers 



DC ELECTRICAL CHARACTERISTICS (V cc = 5 0 Vdc ±5%, Vss = 0. T A = 0 to 70°C unless otherwise noted) 



Characteristic 


Symbol 


Mm 


Typ 


Max 


Unit 


Input High Voltage 


Vih 


V S s+2U 




VCC 


V 


Input Low Voltage 


VlL 


Vss-03 




Vss+08 


V 


Input Leakage Current (V| n = 0 to 5 25 V) 


lin 




1 0 


2 5 


(xA 


Three State (Off State) Input Current (V ln = 0 4 to 2 4 VI 


D0-D7 


'TSI 




20 


10 


*xA 


DC Output High Voltage (l| oa d = - 205 fiA) 


D0-D7 


VOH 


VsS+24 






V 


DC Output Low Voltage 
l | Load= 1 6mA) 
<l|_oad = 3 2mA) 


D0-D7 
SRQ, IRQ 


vol 






Vss+04 
Vss+04 


V 


Output Leakage Current (Off State) (Vqh = 2 4 V) 


SRQ, IRQ 


'LOH 




1 0 


10 


^A 


Internal Power Dissipation 


Pint 




600 


750 


mW 


Input Capacitance 

(V ln = 0, TA = 25°C,f=1 0MHz) 


D0-D7 
All Others 


Cm 






12 5 
7 5 


pF 
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FIGURE 2 — SOURCE AND ACCEPTOR HANDSHAKE 



(ATN = False) 



Data 
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All ROY 
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None RDY 
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Data 
Transfer 
Begins 

This diagram displays logical voltage levels on the MC68488 pins The 
MC68488 pin s are labeled as the complement of the specified 488 bus 
callout, i e , DAV rather than DAV RFD rather than NRFD and DAC 
rather than NDAC This was done to stay with standard positive logic 
format, which is used with all M6800 family devices 



Data 
Transfer 
Ends 



Acceptor 



POWER CONSIDERATIONS 

The average chip-junction temperature, Tj, in °C can be obtained from. 

Tj = T A +(Pd»0JA> (1) 

Where' 

T/\ = Ambient Temperature, °C 

0JA E Package Thermal Resistance, Junction-to-Ambient, °C/W 
PD E P|NT+PPORT 

P INT S ICC X V CC Watts - Chip Internal Power 
PpORTsPort Power Dissipation, Watts — User Determined 
For most applications PpORT"*P|NT ar| d can De neglected PpoRT ma y become significant if the device is configured to 
drive Darlington bases or sink LED loads. 
An approximate relationship between Pd and Tj (if PpoRT is neglected) is 

PD=Kh-(Tj + 273°C) (2) 
Solving equations 1 and 2 for K gives 

K = Pd«(Ta + 273°C) + 0j A «Pd 2 (3) 
Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Pq (at equilibrium) 
for a known Ta Using this value of K the values of Pq and Tj can be obtained by solving equations ( 1 ) and (2) iteratively for any 
value of Ta. 
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BUS TIMING (See Notes 1, 2, and 3) 



Ident. 


Characteristics 


Symbol 


MC68488 


MC68A488* 


MC68B488* 


Unit 


Min 


Max 


Min 






_M£X_ 


1 


Cycle Time 


— ; 

'eye 


1 0 


10 


0 67 


10 


u o 


10 


lis 


2 


Pulse Width E Low 


rvv EL 


430 


9500 


280 


9500 


210 


9500 


ns 


3 


Pulse Width, E High 


PW EH 


450 


9500 


280 


9500 


220 


9500 


ns 


4 


Clock Rise and Fall Time 


>r. tf 




25 




25 




20 


ns 


9 


Address Hold Time 


'AH 


10 




10 




10 




ns 


13 


Address Setup Time Before E 


'AS 


80 




60 




40 




ns 


14 


Chip Select Setup Time Before E 


<cs 


80 




60 




40 




ns 


15 


Chip Select Hold Time 


'CH 


10 




10 




10 




ns 


18 


Read Data Hold Time 


tDHR 


20 


50" 


20 


50" 


20 


50" 


ns 


21 


Write Data Hold Time 


'DHW 


10 




10 




10 




ns 


30 


Output Data Delay Time 


*DDR. 




290 




180 




150 


ns 


31 


Input Data Setup Time 


'DSW 


165 




80 




60 




ns 



'See Table 1 for GPIB transceiver considerations when using MC68A488 or MC68B488 

"The data bus output buffers are no longer sourcing or sinking current by tpHR maximum (high-impedance) 

FIGURE 3 — BUS TIMING 
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NOTES 

1 Not all signals are applicable to every part 

2 Voltage levels shown are V[_£0 8 V, Vh£2 4 V, unless otherwise specified 

3 Measurement points shown are 0 8 V and 2 0 V, unless otherwise specified 
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FIGURE 4 — OUTPUT BUS TIMING 
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TABLE 1 - AC TIME VALUES 



Characteristics 


Symbol* 


Typ 


Unit 


Settling Time for Multiple Message 




SH 


Tl 


£2 


us" 


Response to ATN 




SH, AH, T, L 


t3 


<200 


ns 


Interface Message Accept Timet 




AH 


T 3 


>0 


§ 


Response to IFC or REN False 




T.TE, L, LE 


t4 


<100 


MS 


Response to ATN • EOI 




PP 


'5 


<200 


ns 



" Time values specified by a lower case t indicate the maximum time allowed to make a state transition Time values specified by an upper 

case T indicate the minimum time that a funcion must remain in a state before exiting 
" If three-state drivers are used on the DIO-DAV and EOI lines, Ti may be 

(1) a 1100 ns 

(2) Or >700 ns if it is known that within the controller ATN is driven by a three-state dri ver 

(3) Or > 500 ns for all subsequent bytes following the first sent after each false transition of ATN [the first byte must be sent in accordance 
with (1) or (2D 

t Time required for interface functions to accept, not necessarily respond to interface messages. 
§ Implementation dependent 

When using an E clock of 1 5 MHz on the MC68A488, the GPIB data lines, DAV, and EOI lines must have three-state drivers - See Note *" 
When using an E clock of 2 0 MHz on the MC68B488 the GPIB data lines, DAV, EOI, and ATN lines must have three-state drivers - See 
Note " 




GENERAL DESCRIPTION 

The IEEE-488 instrument bus standard is a bit-parallel, 
byte-serial bus structure designed for communication to and 
from intelligent instruments Using this standard, many in- 
struments may be interconnected, remotely and 
automatically controlled, or programmed Data may be taken 
from, sent to, or transferred between instruments A bus 
controller dictates the role of each device by making the 
attention line true and sending talk or listen addresses on the 
instrument bus data lines, those devices which have 
matching addresses are activated Device addresses are set 
into each GPIA from switches or jumpers on a PC board by a 
microprocessor as a part of the initialization sequence 

When the controller makes the attention line true, instru- 
ment bus commands may also be sent to single or multiple 
GPIAs 

Information is transmitted on the instrument bus data lines 
under sequential control of the three handshake lines No 



step in the sequence can be initiated until the previous step is 
completed Information transfer can proceed as fast as the 
devices can respond, but no faster than the slowest device 
presently addressed as active This permits several devices of 
different speeds to receive the same data concurrently. 

The GPIA is designed to work with standard 488-bus 
driver ICs (MC3447As or MC3448As) to meet the complete 
electrical specifications of the IEEE-488 bus Additionally, a 
powered-off instrument may be powered-on without 
disturbing the 488 bus With some additional logic, the GPIA 
could be used with other microprocessors 

The MC68488 GPIA has been designed to interface be- 
tween the M6800 family microprocessor and the complex 
protocol of the IEEE-488 instrument bus Many instrument 
bus protocol functions are handled automatically by the 
GPIA and require no additional MPU action Other functions 
require minimum MPU response due to a large number of in- 
ternal registers conveying information on the state of the 
GPIA and the instrument bus 
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FIGURE 5 — GPIA BLOCK DIAGRAM 
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FIGURE 6 — GPIB SYSTEM 
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"Two MC3447A octal transceivers can be used in place of four MC3448As 
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PIN DESCRIPTION 

All inputs to the GPIA are high impedance and TTL com- 
patible All outputs from the GPIA are c ompa tible with stan- 
dard TTL IRQ (Interrupt Request) and SRQ, however, are 
open-drain outputs (no internal pullup) 

INTERFACE WITH MPU 

BIDIRECTIONAL DATA (D0-D7) - The bidirectional data 
lines allow the transfer of data between the MPU and GPIA 
The data bus output drivers are three-state devices that re- 
main in the high-impedance (off) state except when the MPU 
performs a GPIA read operation or the DMA controller per- 
forms a memory write operation The Read/Write line is high 
when the GPIA is selected for a read operation 

CHIP SELECT (CS) - This input signal is used to select 
the GPIA. CS must be low for selection of the device Chip 
Select decoding is normally accomplished with external 
logic 

READ/WRITE INPUT (R/W) - This signal is generated 
by the MPU or DMA controller to control register access and 
direction of data transfer on the data bus A low state on the 
GPIA Read/Write and DMA Grant lines allows for the selec- 
tion of one of seven write-only reigsters when used in con- 
junction with register select lines RSO, RS1,andRS2 A high 
state on the GPIA Read/Write and low state on the DMA 
Grant line allows for the selection of one of eight read-only 
registers when used in conjunction with register select lines 
RSO, RS1, and RS2. 

REGISTER SELECT (RSO, RS1, RS2) - The three register 
select inputs are used to select the various registers inside 
the GPIA These three lines are used in conjunction with the 
Read/Write line to select a particular register that is to be 
written or read Table 2 shows the register select coding 

INTERRUPT REQUEST (IRQ) - The IRQ output goes to 
the common interrupt bus line for the MPU This is an open- 
drain output which iswire-ORed to the IRQ bus line The IRQ 
is asserted low when an enable interrupt occurs and stays 
low until the MPU reads the interrupt status register 
Reading ROR will reset IRQ to the high state 

TABLE 2 - REGISTER ACCESS 



RS2 


RS1 


RSO 


R/W 


Register Title 


Register 
Symbol 


0 


0 


0 




Interrupt Status 


ROR 


0 


0 


0 




Interrupt Mask 


ROW 


0 


0 






Command Status 


R1R 


0 


0 






Unused 




0 


1 






Address Status 


R2R 


0 


1 






Address Mode 


R2W 


0 


1 






Auxiliary Command 


R3R 


0 


1 






Auxiliary Command 


R3W 




0 






Address Switch' 


R4R 




0 






Address 


R4W 




0 






Serial Poll 


R5R 




0 






Serial Poll 


R5W 




1 






Command Pass-Through 


R6R 




1 






Parallel Poll 


R6W 




1 






Data In 


R7R 




1 




0 


Data Out 


R7W 



RESET — The RESET input provides a means of re- 
setting th e GPIA from a hardware source. In the low 
state, the RESET input causes the following: 

• The Interrupt "Mask" register is reset; 

• All status conditions are reset; 

• The GPIA is placed in the Untalk/Unlisten state; 

• The Parallel Poll, Serial Poll, Data In, and Data Out 
registers are reset; 

• The Address register and Address mode register 
are cleared; 

• All stored conditions in the Auxiliary Command 
register except bit 7 are reset — (bit 7 is set); 

• T/R1, 2 will go to the low state. 



External to MC68488 



When RESET returns high (the inactive state) the GPIA 
will remain in the reset condition until the MPU writes bit 7 of 
the Auxiliary Command register (R3W) low Prior to the 
release of the software reset bit, the only register that can be 
acc essed is the Address register The conditions affected by 
the RESET pin cannot be changed while this pin is low 

E (ENABLE CLOCK) - E activates the address inputs (CS, 
RSO, RS1, and RS2) and R/W input and enables data 
transfer on the MPU data bus It is also used internally as a 
state counter allowing the device to change interface states 
The E input should be connected to a free-running clock 
source such as the MC6800 4>2 or the Enable Signal of other 
M6800 family MPUs 

GPIA/GPIB INTERFACE BUS SIGNALS 

The GPIA provides a set of eighteen interface signal lines 
between the M6800 and the IEEE-488 Standard bus 

NOTE 

The IEEE-488 Standard defines these signals as 
negative logic In this document all MPU and MC68488 
signals are defined as positive logic 

SIGNAL LINES (IB0-IB7) - These bidirectional lines allow 
for the flow of 7-bit ASCII interface messages and device 
dependent messages Data appears on these lines in a bit- 
parallel byte-senal form These lines are buffered by 
transceivers and applied to the IEEE-488 Standard bus 
(DI01-DI08) 

BYTE TRANSFER LINES (DAC, RFD, DAV) - These 
lines allow for proper transfer of each data byte on the bus 
between sources and acceptors RFD goes passively high in- 
dicating "Ready For Data " A source will indicate the "data 
is valid" by pulling DAV low Upon the reception of valid 
data, DAC will go passively high indicating that the "data 
has been accepted" by all acceptors The handshake lines 
have internal pullup resistors 

BUS MANAGEMENT LINES (ATTN, IFC, SRQ, EOi, 

REN) - These lines are used to manage an orderly flow of 
information across the interface lines 

ATTENTION (ATN) - is continuously monitored by the 
GPIA The device responds to any changes on this line in less 
than 200 ns by activatin g the transmit/receive control 
signals If the EOi line and ATN are low at the same time, 
GPIA will place the contents of a parallel poll register on the 
IEEE-488 Standard bus 
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INTERFACE CLEAR (IFC) - is used by a system con- 
troller to put the GPIA in a known quiescent state. The oc- 
currence of IFC will place the GPIA in the Listener/Talker idle 
state (LIDS or TIDS) If the MC68488 is in a Listener Active 
stat e with a byte of data in the Data-in register (Bl bit set) an 
IFC will place the part in LIDS but will not destroy the receiv- 
ed byte nor the status indication (Bl). Any interface function 
that requires the device to be in either the Listener or Talker 
Active stateje g , a Serial Poll enable command) will be 
reset if an IFC occurs. A command that originates from the 
MPU (e g , to, lo, fget, hlda)_will only be affected during the 
occurrence of an IFC (whenJFC is low) and will return to its 
programmed state when IFC returns high, i.e., IFC will not 
affect local messages For example if the GPIA is in TACS 
(Talker Active State) and has placed a byte in the Data-Out 
register it has made a new byte available (nba) If IFC occurs 
while the source handshake is in SDYS, the talker function 
will be returned to its idle state but nba (a local message) will 
not be destroyed When the GPIA is again made a talker, the 
byte in the Data-Out register (placed there before IFC) will be 
placed onto the GPIB The address register is not affected by 
an IFC 

SERVICE REQUEST (SRQ) - is used to indicate a need 
for attention in addition to requesting an interruption in the 
current sequence of events This indicates to the controller 
that a device on the bus is in need of service This output 
becomes active low by setting the rsv bit (bit 6) of R5W This 
line is an open drain and an external pullup resistor (nominal 
3 3k ohm) must be used 

REMOTE ENABLE (REN) - is used to select one of two 
alternate sources of device programming data - local and 
remote control When this input is low the GPIA is enabled 
to move to the REMS state Note that REN being low is a 
necessary but not a sufficient condition for moving to 
REMS 

END OF IDENTIFY (EOI) - Serves a dual purpose When 
the GPIA is in TACS and the MPU writes bit 5 or R3W (feoi) 
this pin becomes an output and signals the end_of a 
multibyte transfer If the s ystem controller makes the EOI line 
true in conjunction with ATN, the contents of the Parallel 
Poll register will be placed on the IEEE-488 Standard bus 

TRANSMIT/RECEIVE CONTROL SIGNALS (T/R1, 
T/R2) - These two signals are used to control the quad or 
octal transceivers which drive the interface bus It is assum- 
ed that transceivers equivalent to the MC3447 or MC3448A 
will be used where each transceiver has a separate 
Transmit/ Receive control pin These pins can support one 
TTL load eac h Th e outputs can then be grouped and the 
control for SRQ hardwir ed high to t rans mit The 
Transmit/ Receive inputs of REN, IFC, and ATN are hard- 
wired low to receive EOI is controlled by T/R1 through the 
MC3447/MC3448A (or equivalents) allowing it to transmit or 
receive T/R1 operates exactly as T/R2 except during the 
parallel polling sequence D uring parallel poll, EOI will be 
made an input by T/R1 while DAV and IB0/IB7 lines are out- 
puts 



SPECIAL CONTROL SIGNALS 

DMA CONTROL LINES (DMA GRANT, DMA RE- 
QUEST - The DMA request line is used to signal a DMA 
controller that a data transfer is pending. The DMA request 
line is set high if either the Bl or BO status bits are set in the 
Interrupt Status Register (ROR). The DMA request line is 
cleared when the DMA Grant is true The DMA Grant line is 
used to signal the GPIA that the DMA has control of the 
MPU data and address lines The DMA Grant, when set 
high, selects register 7. It also inhibits the RSO, RS1, and 
RS2 lines. During this time the CS input must_be high. The 
DMA Grant also inverts the function of the R/W line making 
it R/W. Thus, if the DMAC supplies a write function to a 
memory location, this same line will perform a read of the 
GPIA (R7R) and vice versa. 



NOTE 

DMA GRANT MUST BE GROUNDED WHEN NOT IN 
USE 

TRIGGER OUTPUT (TRIG) - The TRIG pin provides an 
output corresponding to the GET and fget commands. A 
hardware or software reset places this output at a low level. 
The trigger output can be programmed high by either of two 
methods' 

1 Setting fget (bit 0 of R3W) by the MPU causes the 
trigger output to be set. It remains set until the fget bit 
is programmed low or until a reset occurs 

2. The Trigger Output is set upon reception of a GET 
command from the controller It is reset when the 
GPIA moves out of DTAS (Device Trigger Active 
State), i e., when GET, LADS, or ACDS occur 

ADDRESS SWITCH ENABLE (ASE) - The ASE output is 
used to enable three-state buffers that connect instrument 
address switches to the MPU data bus This output pin is 
pulsed low when the Address Switch Regist er of the GPIA is 
read (R4R), i.e , a read of R4R will drive the ASE line low for 
the E clock that is used to read R4R. 

GPIB HANDSHAKE SEQUENCE 

The GPIB handshake line transitions are debounced inside 
the GPIA with the E-clock to provide a high degree of noise 
immunity Due to the asynchronous nature between the 
GPIB handshake line transitions and the internal debounce 
circuit sampling, the time required for handshake completion 
can vary by 1 E clock cycle. 

LISTENER MODE - The handshake sequence begins 
when the GPIA makes RFD true (Figure 8). A second byte 
cannot be transferred on the GPIB until the GPIA again 
makes RFD true for the next handshake The total time re- 
quired by the GPIA to debounce all of the handshake lines in 
the appropriate time sequence is 7-8 E clock cycles The 1 cy- 
cle variation is due to the asynchronous nature of the GPIB 
with respect to the GPIA debounce circuitry. To determine 
the maximum throughput rate add this number to the 
•number of instructions or DMA cycles used to service each 
transfer. 



MOTOROLA MICROPROCESSOR DATA 
3-1852 



MC68488 



TALKER MODE — The handshake sequence begins when 
the hstener(s) on the GPIB make the RFD line true (Figure 9). 
When this occurs and the MPU has written a byte to R7W 
the GPIA will make the DAV line low indicating to the 
listeners that valid data is on the GPIB When this byte is ac- 
cepted and RFD is again made true the next transfer can 
begin The GPIA debounce circuitry requires 6-7 E clock 



cycles to complete a handshake sequence. As with the 
listener there is a 1 E clock fluctuation due to the asyn- 
chronous nature between the GPIB handshake and the GPIA 
debounce circuitry To determine the maximum throughput 
rate add this number to the number of instructions or DMA 
cycles used to service each transfer 



FIGURE 7 — GPIA IN LISTEN MODE* 





* The GPIA in the listener mode controls the DAC and RFD lines The DAV line is controlled by the Talker on the GPIB Note that the RFD and 
DAC lines are wire ANDed on the GPIB, thus, these lines returning to the high state are dependent on all devices programmed as listeners 
releasing the lines 

L The listener(s) on the GPIB causes this action 

T The talker on the GPIB causes this action 

1 The release of DAC may require action by the MPU (reading R7R for data byte transfers or writing dacr (R3W) high for certain commands) 
For some commands DAC is automatically released by the GPIA Consult the MC68488 user's manual for details 

2 The RFD line is normally automatically released by the GPIA Certain conditions, however, require MPU intervention to provide this release 
Consult the MC68488 user's manual for details 



FIGURE 8 — GPIA IN TALKER MODE* 




* The GPIA in the talker mode controls the DAV line The RFD and DAC lines are controlled by the listener(s) on the GPIB 
L The hstener(s) on the GPIB causes this action 
T The talker on the GPIB causes this action 

1 Two conditions must occur before the DAV line goes to the valid state The RFD line must be high and a data byte must be placed in the 
data out register (nba must be true) 
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GPIA INTERNAL CONTROLS AND REGISTERS* 

There are fifteen locations accessible to the MPU data bus 
which are used for transferring data to control the various 
functions on the chip and provide current chip status Seven 
of these registers are write only and eight registers are read 
only. The various registers are accessed according to the 
three least-significant bits of the MPU address bus and the 
status of the Read/Write line. One of the fifteen registers is 
external to the IC but an address switch register is provided 
for reading the address switches Table 2 shows actual bit 
contents of each of the registers. 

DATA-IN REGISTER R7R - The data-in register is an ac- 
tual 8-bit storage register used to move data from the inter- 
face bus when the chip is a listener. Reading the register 
does not destroy information in the data-out register DAC 
(data accepted) will remain low until the MPU removes the 
bytes from the data-in register The chip will automatically 
finish the handshake by allowing DAC to go high. In RFD 
(ready for data) holdoff mode, a new handshake is not in- 
itiated until a command is sent allowing the chip to release 
holdoff. This will delay a talker until the available information 
has been processed 



Data-in Register 
(Read Only) 



D17 D16 



D14 



D13 | D12 | 



011 D10 



D1Q-D17 - Correspond to DI01-DI08of the 488-1975 Standard and 
IB0-IB7 of the MC68488 

'NOTE Upper and lower case type designations will be used with the 
register bits to indicate remote or local messages respectively 



DATA-OUT REGISTER R7W - The data-out register is an 
actual 8-bit storage register used to move data out of the 
chip onto the interface bus. Reading from the data-in 
register has no effect on the information in the data-out 
register. Writing to the data-out register has no effect on the 
information in the data-in register. 

Data-Out Register 
(Write Only) 



D07 


D06 


D05 


D04 


D03 


D02 


D01 


DOO 



DO0-DO7 - Correspond to DI01-DI08 of the 488-1978 Standard 
and iB0 IB7 of the MC68488 

INTERRUPT MASK REGISTER ROW - The Interrupt 
Mask Register is a 7-bit storage register used to select the 
particular events that will cause an interrupt to be sent to the 
MPU The seven control bits may be set independently of 
each other. If dsel (bit 7 of the Address Mode Register) is set 
high CMD bit 2 will interrupt on SPAS or RLC. If dsel is set 
low CMD will interrupt on UACG, UUCG, and DCAS in addi- 
tion to RLC and SPAS. The Command Status Register R1R 
may then be used to determine which command caused the 
interrupt. Setting GET bit 5 allows an interrupt to occur on 
Group Execute Trigger Command. E ND b it 1 allows an inter- 
rupt to occur if EOI is true (low) and ATN is false (high). APT 
bit 3 allows an interrupt to occur indicating that a secondary 
address is available to be examined by the MPU if apte (bit 0 
of Address Mode Register) is enabled and listener or talker 
primary address is received and a Secondary Command 
Group is received. A typical response for a valid secondary 
address would be to set msa (bit 3 of Auxiliary Command 
Register) true and dacr (bit 4 Auxiliary Command Register) 
true, releasing the DAC handshake Bl indicates that a data 



TABLE 3 - REGISTER CONTENTS 





7 


6 


5 


4 


3 


2 


1 


0 


ROW 


IRQ 


BO 


GET 




APT 


CMD 


END 


Bl 


ncn 


irjT 


DO 


GET 




APT 


CMD 


end 


Dl 


R1R 


UACG 


REM 


LOK 




RLC 


SPAS 


DCAS 


UUCG 


R1W 


















R2R 


ma 


to 


lo 


ATN 


TACS 


LACS 


LPAS 


TPAS 


R2W 


dsel 


to 


lo 




hide 


hlda 




apte 


R3R 


RESET 


DAC 


DAV 


RFD 


msa 


rtl 


ulpa 


fget 


R3W 


rfdr 


feoi 


dacr 


dacd 


R4R 


UD3 


UD2 


UD1 


AD5 


AD4 


AD3 


AD2 


AD1 


R4W 


Isbe 


dal 


dat 


AD5 


AD4 


AD3 


AD2 


AD1 


R5R 


S7 


SRQS 


S5 


S4 


S3 


S2 


S1 


SO 


R5W 


rsv 


R6R 


B7 


B6 


B5 


B4 


B3 


B2 


Bl 


BO 


R6W 


PPR8 


PPR7 


PPR6 


PPR5 


PPR4 


PPR3 


PPR2 


PPR1 


R7R 


DI7 


0I6 


DI5 


DI4 


DI3 


DI2 


DM 


DIO 


R7W 


D07 


D06 


D05 


D04 


D03 


D02 


D01 


DOO 



Interrupt "Mask Register" 
Interrupt Statu; lUijiotu 
Command Status Register 

Unused 
Address Status Register 
Address Mode Register 
Auxiliary Command Register 
Auxiliary Command Register 
Address Switch Register 
Address Register 
Serial Poll Register 

Command Pass-Through Register 
Parallel Poll Register 
Data In Register 
Data Out Register 



Notes 

1 Upper case letters indicate a message resulting from the IEEE-488 Standard bus 

2 Lower case letters indicate a message resulting from the MPU data bus 

3 The bit terminology of the Data In and Data registers represent the numbering of the IEEE-488 Standard bus and not the 6800 

MPU bus - see Section 3 1 2 
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byte is waiting in the data-in register. Bl is set high when 
data-in register is full BO indicates that a byte from the data- 
out register has been accepted BO is set when the data-out 
register is empty IRQ enabled high allows any interrupt to be 
passed to the MPU 

Interrupt Mask Register 
(Write Only) 



Serial Poll Register 
(Write) 



| IRQ 


BO 


GET 


X 


APT 


CMD 


END 


Bl 



IRQ - Mask bit for IRQ pin 

BO - Interrupt on byte output 

GET - Interrupt on Group Execute Trigger 

APT - Interrupt on Secondary Address Pass-Through 

CMD - Interrupt on SPAS + RLC + dsel (DCAS + 

UUCG + UACG) 

END - Interrupt on EOI and ATN 

Bl - Interrupt on byte input 

THE INTERRUPT STATUS REGISTER ROR - The Inter- 
rupt Status Register is a 7-bit storage register which cor- 
responds to the interrupt mask register with an additional bit 
INT bit 7 Except for the INT bit the other bits in the status 
register are set regardless of the state of the interrupt mask 
register when the corresponding event occurs The IRQ 
(MPU interrupt) is cleared when the MPU reads from the 
register INT bit 7 is the logical OR of the other six bits AND- 
ed with the respective bit of ROW. 

Interrupt Status Register 
(Read Only) 



INT 


BO 


GET 


X 


APT 


CMD 


END 


Bl 



INT - Logical OR of all other bits in this register ANDed 
with the respective bits in the interrupt mask 
register 

BO - A byte of data has been output 
GET - A Group Execute Trigger has occurred 
APT — An Address Pa ss-T hrough has occurred 
CMD - SPAS + RLC + dsel (DCAS + UUCG + UACG) 

has occurred 

END - An EOI has occurred with ATN = 0 
Bl — A byte has been received 

SERIAL POLL REGISTER R4R/W - The Serial Poll 
Register is an 8-bit storage register which can be both writ- 
ten into and read by the MPU It is used for establishing the 
status byte that the chip sends out when it is serial poll 
enabled. Status may be placed in bits 0 through 5 and bit 7 
Bit 6 rsv (req uest for service) is used to drive the logic which 
controls the SRQ line on the bus telling the controller that 
service is needed. This same logic generated the signal 
SRQS which is substituted in bit 6 position when the status 
byte is read by the MPU IB0-IB7 In order to initiate a rsv (re- 
quest for service), the MPU sets bit 6 true (generating rsv 
signal) and this in turn causes the chip to pull down the SRQ 
line SRQS is the same as rsv when SPAS is false Bit 6 as 
read by the MPU will be the SRQS (Service Request State) 

Serial Poll Register 
(Read) 



S8 


SRQS 


S6 


S5 


S4 


S3 


S2 


SI 



| S8 



S6 S5 



S4 



in 



S2 S1 



S1-S8 - Status bits 

rsv - generate a service request 

PARALLEL POLL REGISTER R6W - This 
register will be loaded by the MPU and the bits in 
this register will be delivered to the instrument bus 
IB0-IB7 during PPAS (Parallel Poll Active State) 
This register powers up in the PPO (Parallel Poll No 
Capability) state The reset bit (Auxiliary Command 
Register bit 7) will clear this register to the PPO 
state 

The parallel poll interface function is executed by 
this chip using the PP2 subset (Omit Controller 
Configuration Capability) The controller cannot 
directly configure the parallel poll output of this 
chip This must be done by the MPU The con- 
troller will be able to indirectly configure the parallel 
poll by issuing an addressed command which has 
been defined in the MPU software 



Parallel Poll Register 
(Write Only) 




| PP8 | PP7 | PP6 | PP5 | PP4 PP3 PP2 J PP1 



Bits delivered to bus during Parallel-Poll Active State 
(PPAS) 

Register powers up in the PPO state 
Parallel Poll is executed using the PP2 subset 



ADDRESS MODE REGISTER R2W - The address mode 
register is a storage register with six bits for control to, lo, 
hide, hlda, dsel, and apte The to bit 6 selects the 
talker/listener and addresses the chip to talk only The lo bit 
5 selects the talker/listener and sets the chip to listen only 
The apte bit 0 is used to enable the extended addressing 
mode If apte is set low the device goes from the TPAS 
(Talker Primary Address State) directly to the TADS (Talker 
Addressed State) The hlda bit 2 holds off RFD (Ready for 
Data) on ALL DATA until rfdr is set true The hide bit 3 holds 
off RFD on EOI enabled (low) and ATN not enabled (high) 
This allows the last byte in a block of data to be continually 
read as needed Writing rfdr true (high) will allow the next 
handshake to proceed 



Address Mode Register 
(Write Only) 



| dsel 


to 


lo 


X 


hdle 


hdla 


X 


apte 



S1-S8 
SRQS 



Status bits 

Bus in Service Request State 



dsel 



to 
lo 

hdle 
hdla 
apte 



- configure for automatic completion of handshake 
sequence on occurrence of GET, UACG, UUCG, 
SDC, or DCL commands 

- set to talk-only mode 

- set to listen-only mode 

- Hold-off RFD on end (END = EOIAATN) 

- Hold-off RFD on all data 

- Enable the address pass-through feature 
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ADDRESS STATUS REGISTER R2R - The address 
status register is not a storage register but simply an 8-bit 
port used to couple internal signal modes to the MPU bus 
The status flags represented here are stored internally in the 
logic of the chip. These status bits indicate the addressed 
state of the talker/listener as well as flags that specify 
whether the chip is in the talk only or listen only mode. The 
ATN, bit 4, contains the condition of the Attention Line The 
ma signal is true when the chip is in. 

TACS - Talker Active State 

TADS - Talker Addressed State 

LACS - Listener Active State 

LADS - Listener Addressed State 

SPAS - Serial Poll Active State 



Address Status Register 
(Read Only) 



ma 


to 


lo 


ATN 


TACS 


LACS 


LPAS 


TPAS 



ma - my address has occurred 

to - the talk-only mode is enabled 

lo - the listen-only mode is enabled 

ATN - the Attention command is asserted 

TACS - GPIA is in the Talker Active State 

LACS - GPIA is in the Listener Active State 

LPAS - GPIA is in the Listener Primary Addressed State 

TPAS - GPIA is in the Talker Primary Addressed State 

ADDRESS SWITCH REGISTER R4R - The address 
switc h register is external to the chip There is an enable line 
(ASE) to be used to enable three-state drivers connected 
between the address switches and the MPU Wh en the MPU 
addresses the address switch register the ASE line directs 
the switch information to be sent to the MPU. The five least- 
significant bits of the 8-bit register are used to specify the 
bus address of the device and the remaining three bits may 
be used at the discretion of the user The most probable use 
of one or two of the bits is for controlling the listener only or 
talk only functions 



Addrf"--. Switch Rr" ; -tr*r 
(Read Only) 



UD3 


UD2 


UD1 


AD5 


AD4 


AD3 


AD2 


AD1 



AD1-AD5 - Device address 

UD1-UD3 - User definable bits 

When this "register" is addressed, the ASE pin is set which allows 
external address switch information from the bus device to be read 

ADDRESS REGISTER R4W - The Address Registensan 
8-bit storage register The purpose of this register is to carry 
the primary address of the device The primary address is 
placed in the five least-significant bits of the register. If exter- 
nal switches are used for device addressing these are normal- 
ly read from the Address Switch Register and then placed in 
the Address Register by the MPU 

AD1 through AD5 bits 0-5 are for the device's address 
The Isbe bit 7 is set to enable the Dual Primary Addressing 
Mode During this mode the device will respond to two con- 
secutive addresses, one address with AD1 equal to 0 and the 
other address with AD1 equal to 1. For example, if the 
device's address is HEX OF, the Dual Primary Addressing 
Mode would allow the device to be addressed at both 



HEX OF and HEX 0E The dal bit 6 is set to disable the listener 
and the dat bit 5 is set to disa ble the talker 

This register is cleared by the RESET input only (not by the 
reset bit of th e Auxiliary Command Register bit 7). 

Whe n ATN is enabled and the primary address is received 
on the IBO-7 lines, the MC68488 will set bit 7 of the address 
status register (ma). This places the MC68488 in the TPAS or 
LPAS. 

When ATN is disabled the GPIA may go to one of three 
states. TACS, LACS, or SPAS 



Address Register 
(Write Only) 



Isbe 


dal 


dat 


AD5 


AD4 


AD3 


AD2 


AD1 



Isbe - enable dual primary addressing mode 
dal - disable the listener 

dat - disable the talker 

AD1-AD5 - Primary device address, usually read from address 

switch register 

Register is cleared by the RESET input pin only 

AUXILIARY COMMAND REGISTER R3R/W 

- Bit 7, reset, initializes the chip to the follow- 
mg states (reset is set true by external RESET 
input pin and by writing into the register from 
the MPU). 

SIDS - Source Idle State 

AIDS - Acceptor Idle State 

TIDS - Talker Idle State 

LIDS - Listener Idle State 

LOCS - Local State 

NPRS- Negative Poll Response State 

PPIS - Parallel Poll Idle State 

PUCS- Parallel Poll Unaddressed to Configure State 

PPO - Parallel Poll No capability 
rfdr (release RFD handshake) bit 6 allows for completion 

of the handshake that was stopped by RFD (Ready For Data) 

holdoff commands hlda and hide 

fget (force group execute trigger) bit 0 has the same effect 
as the GET (Group Execute 1 rigger) command from the con- 
troller 

rtl (return to local) bit 2 allows the device to respond to 
local controls and the associated device functions are 
operative 

dacr (release DAC handshake) bit 4 is set high to allow 
DAC to go passively true This bit is set to indicate that the 
MPU has examined a secondary address or an undefined 
command 

upla (upper/lower primary address) bit 1 will indicate the 
state of the LSB of the address received on the DI01-8 bus 
lines at the time the last Primary Address was received This 
bit can be read but not written by the MPU 

msa (valid secondary address) bit 3 is set true (high) when 
TPAS (Talker Primary Addressed State) or LPAS (Listener 
Primary Addressed State) is true The chip will become ad- 
dressed to listen or talk. The primary address must have been 
previously received 
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RFD, DAV, DAC - (Ready For Data, Data Valid, Data Ac- 
cepted) bits assume the same state as the corresponding 
signal on the MC68488 package pins The MPU may only 
read this bit These signals are not synchronized with the 
MPU clock 



dacd (data accept disable) bit 1 set high by the MPU will 
prevent completion of the automatic handshake on Ad- 
dresses or Commands dacr is used to complete the hand- 
shake 



feoi (forced end or identify) bit 5 tells the chip to send EOI 
low. The EOI line is then returned high after the next byte is 
transmitted NOTE- The following signals are not stored but 
revert to a false (low) level one clock cycle (MPUtf>2) after 
they are set true (high) 

1 rfdr 

2 feoi 
3. dacr 

These signals can be written but not read by the MPU 



Command Status Register 
(Read] 



Auxiliary Command Register 



reset 


rfdr 


feoi 


dacr 


msa 


rtl 


dacd 


fget 


DAC 


DAV 


RFE 


ulpa 



Write 
Read 



reset — initialize the chip to the following status 

(1) all interrupts cleared 

(2) following bus states are in effect SIDS, AIDS. TIDS, 
LIDS, LOCS , PPIS , PUCS, and PPO 

(3) bit is set by RESET input pin 

msa - if GPIA is in LPAS or TDAS, setting msa will force GPIA to 

LADS or TADS 
rtl — return to local if local Icokout is disabled 
ulpa — state of LSB of bus at last-primary-address receive time 
fget — force group execute trigger command from the MPU has 

occurred 

rfdr — continue handshake stopped by RFD holdoff 
feoi — set EOI true, clears after next byte transmitted 
dacr - MPU has examined an undefined command or secondary 
address 

dacd - prevents completion of automatic handshake on Addresses 
or Commands 



COMMAND STATUS REGISTER R1R — The command 
status register flags command or state as they occur These 
flags or states are simply coupled on the MPU bus There are 
five major address commands REM shows the remote/local 
state of the talker/listener REM bit 6, set low, implies the 
local state. LOK bit 5 shows the local lockout status of the 
talker/listener RLC bit 3 is set when a change of state of the 
remote/local flip-flop occurs and reset when the command 
status register is read DCAS bit 1 indicates that either the 
device clear or selected device clear has been received ac- 
tivating the device clear function SPAS bit 2 indicates that 
the SPE command has been received activating the device 
serial poll function UACG bit 7 indicates that an undefined 
address command has been received and depending on pro- 
gramming the MPU decides whether to execute or ignore it 
UUCG bit 0 indicates that an undefined universal command 
has been received 



UACG 


REM 


LOK 


X 


RLC 


SPAS 


DCAS 


UUCG 



UACG - Undefined Addressed Command 

REM - Remote Enabled 

LOK - Local Lockout Enabled 

RLC - Remote/ Local State Changed 

SPAS - Serial Poll Active State is in effect 

DCAS - Device Clear Active State is in effect 

UUCG - Undefined Universal Command 

COMMAND PASS-THROUGH REGISTER R6R - The 

command pass through is an 8-bit port with no storage 
When this port is addressed by MPU it connects the instru- 
ment data bus (IB0-IB7) to the MPU data bus D0-D7 This 
port can be used to pass commands and secondary ad- 
dresses that aren't automatically interpreted through to the 
MPU for inspection 

Command Pass-Through Register 
(Read Only) 



B7 


B6 


B5 


B4 


B3 


B2 


B1 


BO 



An 8-bit input port used to pass commands and secondary ad- 
dresses to MPU which are not automatically interpreted by the 
GPIA 

PROGRAMMING CONSIDERATIONS 

The following is a list of considerations when using the 
MH version of the MC68488 
1 Handshake Interruption 

Once a handshake sequence begins on the IEEE-488 
bus it should be allowed to complete in a normal 
fashion, as described in the IEEE Standard If this se- 
quence is interrupted (e g , the controller forces the 
DAV line to the not data valid state prematurely) the 
integrity of the data is lost and the interface devices 
can go to unintended states, as explained in the stan- 
dard NOTE The MC68488 does not interrupt a hand- 
shake It always allows the handshake to complete in 
the correct sequence, however, it is possible for a 
device, other than a MC68488, connected to the bus 
to interrupt the sequence The controller can do this 
through an asynchronous Bus Take-over (asserting 
the ATN line during a handshake) If this occurs the 
controller should follow the asynchronous take-over 
with an IFC Uniline Command (ATN can be either 
asserted or not asserted at this time) It is also possible 
for some devices to interrupt the handshake by 
prematurely making the DAV line false (this type of in- 
terrupt should be avoided and it should be noted that 
the MC68488 does not interrupt the handshake se- 
quence) If the DAV handshake line is made false 
(high) before DAC is made false (high) during a hand- 
shake sequence, the listener GPIA(s) will respond as 
fellows 

a) If IFC is sent by the controller with ATN false 
before another handshake sequence is initiated 
the MC68488 will reset back to an idle state The 
GPIA at this point is ready to be reprogrammed 



B 
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The Bl status bit may be set, depending on 
when the handshake was interrupted, but any 
byte in R7R cannot be considered valid. NOTE- 
If IFC is sent with ATN true, it must be sent 
again with ATN false 
b) If another handshake is initiated before IFC is 
sent with ATN false, the GPIA does not 
generate interrupts for subsequent data bytes 
received by the listener GPIA(s). The device 
responds to commands and moves into and out 
of TACS, LACS, etc , but no further Bl inter- 
rupts are generated The only solutions to this 
situation are to reset the MC68488 or have the 
MPU perform a read of R7R register in the 
GPIA 



2 Interrupt Structure 

The status_bits in ROR, when set, cause an interrupt 
(drives the IRQ line low) if the appropriate interrupt 
mask bits in ROW are set. The IRQ line is sensitive to a 
low-to-high transition produced by the logical OR of 
the appropriate bits in ROR If^for example the Bl 
status bit is set and causes an IRQ interrupt, the MPU 
reads ROR (this read will reset the IRQ line but not the 
status bit) and detect that the Bl bit is set The soft- 
ware should then direct the MPU to read the data byte 
from R7R, which in turn causes the Bl bit to be reset 
If after the status register (ROR) was read and before 
R7R is read, another interrupt status bit is set (e.g , 
the CMD bit) this second condition does not cause an 
interrupt The B l_brt_ being set at the time CMD occur- 
red prevents the IRQ line from detecting the necessary 
low-to-high transition and an interrupt could be miss- 
ed. To prevent this, the last set of instructions in the 
software interrupt handler should be a reset of the in- 
terrupt mask register, followed by programming this 
same register to its original state This always pro- 
duces the needed low-to-high transition, preventing 
missed interrupts 

3 The "nba" for TACS affects "nba" for SPAS 

If nba for TACS is false (there is not a data byte pen- 
ding in R7W) then the serial poll handshake sequence 
for the status byte to the controller occurs once If nba 
for TACS is true (there is a data byte in R7R waiting 
for a handshake to listeners) then the status byte will 
be sent to the controller each time the controller com- 
pletes a handshake and indicates that it is ready for 
more data 

4 The "nba" for SPAS affects "nba" for TACS 

The controller places the GPIA into the Serial Poll 
Active State (SPAS) by sending serial Poll enable, 
sending the device talk address, and then releasing 
ATN If the controller does this and never accepts the 
serial Poll Status byte (never makes the RFD hand- 
shake line true) but rather the controller asserts ATN 
and sends Serial Poll Disable (SPD), then the GPIA 
moves into and out of SPAS without completing the 
status byte handshake routine In this state the "nba" 
for SPAS remains true and affects "nba" for TACS in 
the following way 

When the controller places the GPIA in TACS 



the part makes DAV true as soon as RFD is 
made true by the listeners in a normal sequence 
However, the GPIA continues the handshake 
sequence, using the contents of R7W, over and 
over, (i.e., Each time the listeners accept the 
current data byte and makes RFD true, the GPIA 
makes DAV true automatically and begins 
another handshake sequence ) The BO status bit 
is set, however, and if the MPU writes to R7W 
the new data byte is sent to the listeners over 
and over, using a handshake routine This con- 
tinual sending of data bytes occurs until the 
controller places the GPIA back in SPAS and 
completes the handshake routine for the Serial 
Poll Status byte making "nba" for SPAS false 
again 

This situation does not occur if the controller hand- 
shakes the status byte when it places the GPIA in 
SPAS 

5 Dual Addressing 

Dual addressing implies the use of two adjacent 
primary addresses and, as such, care should be taken 
when selecting the primary addresses for this mode 
Decimal address 30 (11110) should not be used 
because the dual address counterpart of decimal 30 is 
decimal 31 (11111) Since address 31 has the same bit 
code as that of either the Untalk or Unlisten Com- 
mands this value is an invalid primary address for the 
IEEE-488 system 

6 "Ghost Interrupts" 

A "ghost interrupt" is an interrupt that occurs as a 
result of the MC68488, but when the status register is 
checked no status bits are set There are two condi- 
tions that can legitimately cause a "ghost interrupt " 
They are 

a) SPAS status bit 

If the controller conducts a serial poll by sen- 
ding Serial Poll Enable (SPE) and then sends the 
GPIA talk address, the SPAS status bit is set 
and can cause an interrupt After the controller 
(ecuives the Serial Poll Status byte it will send 
Serial Poll Disable (SPD) which resets the SPAS 
status bit If the controller can perform this se- 
quence of events before the interrupt handler 
can check the SPAS status bit, the MPU will not 
find any status bits set ("ghost interrupt"). The 
possibilities are twofold 

1) If this device had actually requested the 
service, then the MPU, after receiving the 
interrupt ("ghost" or not), should check 
bit 6 of the Serial Poll register If this bit is 
reset the MPU knows that a Serial Poll 
was conducted and can reset the rsv as 
per normal Serial Poll handling pro- 
cedures 

2) If this device did not request the service 
request and SPAS is not set, the software 
should detect this as a "ghost interrupt," 
ignore it, and proceed with normal opera- 
tions 

See "Serial Poll Procedure" (#11) for further Serial 
Poll operation 
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b) BO status bit 

The BO Status bit is set whenever the 
MC68488 is in the Talker Active State and the 
output register (R7W) is empty After the 
listener(s) accept the current data byte on the 
IEEE bus, the BO status bit will again be set and 
with the appropriate mask bits set, will cause an 
interrupt When the talker sends the last byte of 
a string it is possible for the controller to detect 
this, synchronously take control of the bus, and 
untalk the talker, however, when the last byte is 
accepted the BO status bit is again set and if so 
programmed, causes another interrupt It is 
possible for the controller to untalk the device 
thereby resetting BO before the MPU interrupt 
handler is able to check the status register 
Under these conditions a "ghost interrupt" oc- 
curs See "Send Last Byte Procedure" (#10) for 
further description and solution 
7 UACG Status Bit 

The UACG status bit is set anytime the GPIA 
receives an Undefined Address Command Group 
(UACG) message from the controller This bit is not 
qualified with the addressed state of the part The 
MPU software, after detecting a UACG, must check 
the ma bit in the address status register to see if the 
device is addressed If the UACG message is a 
selected command only pertinent to addressed 
listeners, the software, after receiving the command 
by reading R6R, should release the handshake (write 
dacr high in R3W). This allows the controller to make 
ATN false If the device has been addressed to 
listen/talk and ATN is made false the LACS/TACS 
status bit in the address status register will be set The 
MPU can then check these bits 

8. END Status Bit 

The END status bit in ROR is used to indicate to ad- 
dressed listeners that the next byte received by the ad- 
dressed talker is the last byte of a string This bit is not 
qualified with the handshake and thus occurs ahead of 
the reception of the last data byte This alerts the MPU 
that the final byte will soon follow. Because of this, 
two interrupts, if so programmed, will occur One for 
the END bit and one for the Bl bit when the final byte 
is transferred with a handshake. For those situations 
where it is inconvenient to have two interrupts the 
END status bit can be masked, not allowing it to cause 
an interrupt, 

9. feoi (force end or identify) 

This control bit (bit 5, R3W) is used when the 
MC68488 is an Active Talker, to indicate to the 
listener(s) on the IEEE bus the end of a data string 
transfer. The MC68488 asserts the EOI management 
line when the feoi control bit is set and the device is in 
the Talker Active State (TACS) The feoi bit is set by 
the MPU writing this bit high and automatically resets 
one E clock cycle after it was set. The use of this func- 
tion is as follows When sending a string of data the 
feoi control bit should be set prior to sending the final 
data byte This causes the EOI management line to be 
asserted (low). The final data byte can now be sent 
The EOI line remains asserted until this byte is ac- 
cepted, at which time it returns high. 



Care must be used when setting the feoi control bit 
Once feoi has been written high, the EOI line is 
asserted when the MC68488 is an Active Talker and re- 
mains asserted until the next data byte is sent and ac- 
cepted This is true even if feoi is written high while 
the device is not an Active Talker In this case the EOI 
management line is asserted as soon as the MC68488 
is again made an Active Talker Once the feoi control 
bit is set, only a device reset prevents the END 
message from being sent when the MC68488 becomes 
an Active Talker 

10 Send Last Byte Procedure (Talker Mode) 

The procedure used for sending the last byte is 
described below When using the EOI management 
line, the MPU software must first set the feoi control 
bit (asserting EOI), and then send the last byte When 
the last byte is accepted by all listeners, the BO status 
bit of the talker device is set The BO status bit is not 
qualified with the EOI line, but is set whenever the cur- 
rent data byte is accepted by all listeners and the 
device is in the Talker Active Stat e (TACS) (Note that 
when the controller asserts ATN to send commands, 
the GPIA moves out of TACS causi ng B O to reset and 
remains out of TACS as long as ATN is asserted ) 
After the data block transf er, t he controller takes con- 
trol of the bus (asserts ATN) and reconfigures the 
GPIB system In performing this task, the controller 
sends command(s) that untalk the device (MLA, OTA, 
UNT) or reassigns it as a Talker (MTA) asking for fur- 
ther data transfers Since the GPIB operates asyn- 
chronously with respect to the device MPU bus, it is 
possible for the controller to take control of the GPIB 
and cause actions that change the state of the BO 
status bit in the middle of the MPU interrupt routine 
As a result, care needs to be exercised when respon- 
ding to the BO status bit interrupt occurring after 
transferring the last byte Any of the following condi- 
tions can occur 

1) Device Untalked — If either My Listen Address, 
Other Talk Address, or the Untalk command is 
sent, the device is placed in the Talker Idle State 
(TIDS) - the device is Untalked In this case the 
BO status bit is set as soon as the last data byte 
is ac cepted, reset when the controller asse rts 
ATN, and BO will remain reset after ATN is 
released 

(a) The BO status bit indicates a set condition 
if the MPU reads the Interrupt Status 
Regi ster before the controller asserts 
ATN This status indication, however, is 
misleading as another byte transfer is not 
intended The device is soon to be Untalk- 
ed 

(b) The BO status bit indicates a reset condi- 
tion if the MP U rea ds the Interrupt Status 
Register after ATN has been asserted — a 
"ghost interrupt" is produc ed This BO 
status bit remains reset after ATN is made 
false (high) 

2) Device Reassigned as a Talker — The controller 
reassigns the device to talk by sending My Talk 
Address In this case the BO status bit is set as 



MOTOROLA MICROPROCESSOR DATA 



O 10EQ 



MC68488 



soon as the last data byte is a ccepted, reset 
when the controller a sserts ATN to send MTA, 
and is again set when ATN is made false by the 
controller 

(a) The BO status bit indicates a set condition 
if the MPU reads the Interrupt Status 
Regi ster before the controller asserts 
ATN. This case is identical to part (a) for 
"Device Untalked" shown above. 

(b) The BO status bit indicates a set condition 
if the MPU rea ds th e Interrupt Status 
Register while ATN is asserted - a 
"ghost interrupt" is produced 

(c) The BO status bit indicates a set condition 
if the MPU r eads the Interrupt Status 
Register after ATN is made false (high) 
This status indication is requesting a byte 
transfer and should be acted upon accor- 
dingly 

To alleviate the above ambiguity and "ghost inter- 
rupt" situation, the GPIB handshake must be syn- 
chronized with action by the device MPU The follow- 
ing step-by-step procedure provides this needed syn- 
chronization and eliminates the ambiguity when ser- 
vicing the BO status bit after sending the last byte 

1 ) Before sending the last byte of a block transfer, 
the feoi bit (if used) should be set. In addition, 
the dacd bit in R3W should be set, holding off 
the handshake upon reception of any command 
(establishes the required synchronization be- 
tween MPU and controller). 

2) If operating under interrupts, the BO interrupt 
mask should be reset. This prevents generation 
of a BO status interrupt when the last byte is 
received. 

3) Send the last data byte 

4) The MPU now monitors the ATN bit in the Ad- 
dress Status Register (R2R) When the ATN bit 
is set, the ATN line has been asserted and it will 
remain nsrortod until completion of the hand- 
shake The proce dure, described herein, 
assumes that ATN line is asserted between 
block transfer s and at least one command sent 
The fact that ATN is asserted indicates that the 
device is no longer in TACS and, thus, the BO 
status bit is reset 

5) The dacd bit in R3W can now be written low, 
removing the manual handshake hold-oft on 
subsequent commands With the same write in- 
struction, the dacr bit should be set, releasing 
the handshake on the current command (write a 
hex 10 to R3W) 

6) The BO interrupt mask bit can now be set, enabl- 
ing interrupts for another block transfer. 

After following this procedure, a BO status condition 
will occur only if a second block of data is requested 
by the controller In addition, the possibility of a BO 
"ghost interrupt" is eliminated 

11 Serial Poll Procedure 

The MPU initiates a service request by writing rsv 
(bit 6, R5W) high in the GPIA At the same time, the 



appropriate code should be pla ced in the other 7 bits 
Bit 6 being set causes the SRQ management line to go 
low. The GPIA enters the Serial Poll Active State 
(SPAS) when it receives SPE and is an active talker 
When it enters SPAS, the following occurs: the SPAS 
status bit (bit 2, R1R) is set, the CMD status bit (bit 2, 
ROR) is set, the SRQ line is asserted passively false 
(high), the SRQ status bit (bit 6, R5R) is reset, and the 
contents of R5R is placed on the GPIB data bus 

When the GPIA enters SPAS, the SPAS status bit 
(R1R) is set. This, in turn, causes the CMD status bit in 
ROR to be set. In an interrupt driven system with the 
CMD and IRQ mask bits set, this causes an MPU inter- 
rupt. These status bits are not latched conditions and 
only monitor the current state of the GPIA If the con- 
troller places the GPIA in SPAS (sends SPE and 
MTA), receives the Serial Poll status byte and removes 
the GPIA from SPAS (sends SPD) before the MPU 
reads the Interrupt Status register, the contents of this 
register shows hex 10 Since the MPU knows that this 
device issued the service request, it should check bit 6 
of R5W if an MPU interrupt is generated but no status 
bit is set If bit 6, R5R, is reset, the MPU will know the 
controller has performed a Serial Poll on it. However, 
the SRQ status bit being reset does not indicate that 
the status byte was accepted by the controller — that 
is, the handshake was completed. Rather, it indicates 
that the GPIA has been placed in SPAS and that the 
status byte has been placed on the GPIB In systems 
with slow responding controllers, the SRQ bit in R5R 
can be reset while the SPAS status bit is still set In 
this case to determine when the status byte was ac- 
cepted, the MPU can monitor SPAS status bit This 
bit is reset when the controller has removed the GPIA 
from the SPAS. Once in SPAS, the controller must 
accept the Serial Poll byte before removing the device 
from SPAS The rsv bit cannot be written low until the 
status byte has been accepted, but should be written 
low as soon as the status byte has been accepted by 
the controller. 

If this device has issued a service request to the con- 
troller, the following provides a procedure for handling 
a SPAS interrupt The procedure only discusses Serial 
Poll (SPAS) interrupts Interrupts resulting from other 
sources need to be incorporated as appropriate for the 
system application In an interrupt driven system, the 
MPU normally reads the Interrupt Status Register to 
find the cause of the interrupt The Inte rrupt Status 
Register must be read to release the IRQ line and, in 
most cases, it will be read to check if something other 
than SPAS caused the interrupt However, since it is 
possible that the SPAS status can be set and then 
reset before the MPU reads the register, the following 
procedure should also be used (even though the 
SPAS status is reset) 

1) The MPU should monitor the SRQ bit in the 
Serial Poll Register This can occur as a result of 
either an interrupt or a polling routine 

2) When the SRQ bit returns to zero, it indicates 
that the MC68488 has been placed in the Serial 
Poll Active State (SPAS). This does not mean 
that the device is in SPAS, because the con- 
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trailer could have placed the MC68488 in SPAS 
and then removed the device from SPAS before 
the MPU reads the Serial Poll Register (R5R) 

3) After the SRQ bit in R5R returns to zero, the 
MPU should read the Command Status Register 
and Monitor the SPAS status bit. When this bit 
returns to 0, it indicates that the Serial Poll 
Status byte has been accepted by the controller 
and that the MC68488 has been removed from 
the Serial Poll Active State (SPAS) 

4) After the SPAS status bit returns to 0, the rsv 
bit (in R5W) should be written low 

The GPIA uses the source handshake to send the 
Serial Poll status byte to the controller The GPIA does 
this by placing the status byte on the GPIB, and when 
the controller makes RFD true, the GPIA makes DAV 
true (low), and the handshake takes place according 
to the IEEE-488 Standard handshake protocol If nba 
for the GPIA TACS function is false at this time, the 
GPIA will send this byte only once, i.e., the GPIA does 
not make DAV true (low) a second time If nba for the 
GPIA TACS function is true at this time, the GPIA 
sends this byte over and over, provided the controller 
continually makes RFD true at the end of the hand- 
shake without reconfigu ring t he device, i.e , the GPIA 
in this situation makes DAV true (low) each time it 
receives an RFD true from the controller The only 
time nba can be true for TACS is if the device was an 
active talker prior to the Serial Poll sequence, and the 
GPIA MPU had loaded a byte in R7W Now, if the 
controller synchronously takes over the bus before this 
byte is placed on the GPIB, the nba for TACS will be 
true 

NOTE 

After a Serial Poll has been conducted on the GPIA 
and the SRQ bit (bit 6, R5W = 0) is reset, the MPU 
must write the rsv (bit 6, R5W) low before another ser- 
vice request can be initiated. 



APPENDIX 

GPIA MASK SET DIFFERENCES 

There have been two mask sets produced for the GPIA 
(MC68488). They are- 

G6G MASK SET - sampled in *he fall of 77 (first mask 
set). This mask set was produced through December of 1978 
and can be identified by the letters "GG" preceding the date 
code on top of the package. 

M2H MASK SET - parts available January '79 (final mask 
set). Any parts ordered after this date will be M2H parts The 
M2H mask set replaces the G6G mask set and can be ident- 
ified by the letters MH or M2H preceding the date code on 
top of the package The mask set designation for later pro- 
duction runs is P9W. The P9W mask set is identical to the 
M2H in all aspects. 

There are seven areas of differences between the G6G and 
M2H/P9W mask sets. They are' 

1 RLC Status bit 

This bit is used to implement the Remote/ Local in- 



terface function. In the GG mask set the 
Remote/Local option should not be used, because the 
RLC status bit in R1R will lock up in the zero state In 
the MH mask version the RLC bit is completely func- 
tional and will report any change in the REM status bit 
2 Extended Addressing 

The GG mask version of the GPIA will not discon- 
tinue secondary addressing when the primary address 
of another GPIA is sent by the controller, i e , after 
entering LPAS, the primary address of another device 
will not transfer the GPIA to LPIS This transition from 
LPAS to LPIS was not fully implemented in the GG 
mask set The MH mask set has fully implemented this 
interface function With this version, if the GPIA is 
programmed for extended addressing and receives its 
primary address, it will move to LPAS If at this point 
the primary address of another controller is sent, the 
GPIA will go to its idle state (LIDS/TIDS) as per 
IEEE-488 1978 standard requirements 

3. TPAS and LPAS Status Bits 

In the GG mask set the LPAS status bit will report 
either LPAS or LADS Likewise, the TPAS status bit 
will report either TPAS or TADS In the MH mask set 
these bits only report LPAS and TPAS respectively 

4 DAC Release 

When the GPIA (GG mask set) in the listener mode 
receives a byte of data from the IEEE bus the DAC 
handshake will be held off until the MPU reads this 
data byte The E-pulse that reads this data from R7R 
also releases DAC, indicating to the talker that the 
byte has been accepted In the GG mask set the DAC 
handshake line is released on the low-to-high transi- 
tion (leading edge) of the E-pulse, but the data is ac- 
tually read (accepted by the MPU) on the high-to-low 
transition (trailing edge) If there is a very fast talker or 
long E-pulse width, it is possible for the talker to 
receive a data accept (DAC) and place the next data 
byte in the Data-in Register before the current one has 
been read out by the MPU This will overwrite the data 
on the MPU bus and result in missed data For this to 
occur the talker must be able to detect the DAC line 
going high and place the next data byte on the bus 
(making DAV true) before the E-pulse goes low For a 
1 MHz E-pulse this is approximately 400 ns The MH or 
M2H mask set corrects this by releasing DAC after the 
trailing edge of the E-pulse 

5 dsel (deselect) 

One of the functions of the dsel bit (bit 7 of R2W) is 
to deselect the Group Execute Trigger (GET) com- 
mand from setting the GET status bit and causing an 
interrupt. The GG mask version of the GPIA, when 
dsel is set, prevents the GET status b it fro m being set, 
but it is still possible to get an IRQ (IRQ output goes 
low), if enabled, when the GET command is detected 
Thus, dsel inhibits the GET status condition, but not 
the associated interrupt The result is a "ghost inter- 
rupt" whenever the controller sends the GET com- 
mand. The MH mask set, when in dsel mode, inhibits 
both GET status and its associated interrupt and 
eliminates this "ghost interrupt." 
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6 hold-on-all-data (hlda) 

When in the listener mode, the GPIA provides a 
means of holding off the handshake on reception of 
data until the MPU releases the handshake This mode 
occurs if the hlda (hold-on-all-data) bit in R2W is set 
The MPU releases the handshake by writing rfdr 
(ready-for-data-release) in R3W high In the GG mask 
version, if while receiving data in the listener mode the 
controller takes over synchronously and makes the 
GPIA a talker and then changes the GPIA at a later 
time, back to a listener, the RFD handshake will be 
held off on the listener command rather than waiting 
for the first data byte The MH mask only holds off the 
handshake on data and does not hold off the hand- 
shake on any command 

7 new-byte-avatlable (nba) During a Serial Poll 

In the GG mask version, if the GPIA had been in the 
talker active state prior to the controller conducting a 
serial poll, it is possible for nba to be lost The situation 
is as follows- if a byte of data has been written into 
R7W and the controller takes over the bus syn- 
chronously at SDYS (SH state diagram, Figure 3, 
page 20, IEEE-488 1978 Specification) to perform a 
serial poll, the GG mask version of the GPIA will res- 
pond in one of two ways 

a) If the controller never requests the contents of 
the Serial Poll Register from the GPIA, and 
when the GPIA is returned as a talker, the data 
in R7W is available to the listeners on the bus 
(Data byte is not destroyed) 

b) If the controller requests the contents of the 
Serial Poll Register from the active talker, when 
the controller returns the GPIA to the Active 



Talker State, the data which was in R7W will 
have been handshaked as though it had been 
accepted by the active listeners (data byte will 
be destroyed) 

The original IEEE Standard had a discrepancy as to what 
happens to this data byte (nba) under these circumstances 
This discrepancy has been alleviated The MH mask con- 
forms to the latest revision and does not destroy the data in 
R7W when a Serial Poll occurs, i e , if in TACS with a nba 
pending when the controller releases the bus to the talker, 
the byte in R7W will be transferred, via handshake, to the 
listeners (data byte is not destroyed) 

SOFTWARE DIFFERENCES BETWEEN MASK SETS 

The seven changes mentioned in the previous sections are 
the only changes from the GG to the MH mask set All of 
these changes except number 3 (TPAS and LPAS status 
bits) are transparent to the user software. 

The change to TPAS and LPAS status bits is a functional 
change. In the GG mask, user software could monitor LPAS 
and TPAS for address recognition in the primary address 
mode because LPAS is set as soon as the GPIA receives its 
Listen Address (MLA) and TPAS is set as soon as the GPIA 
receives its Talker Address (MTA), i e , the LPAS bit is set 
when the GPIA enters LADS and the TPAS bit is set when 
the GPIA enters TADS. In the MH mask set these bits do not 
report LADS/TADS and as such they can only be used in the 
extended address mode In the primary address mode the 
software for the MH mask set should monitor LACS/TACS 
(bits 2 and 3 of the address status register) rather than 
LPAS/TPAS. TACS/LACS indicates when the device is in 
the Talker/ Listener Active State 
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Motorola Integrated Circuit 

M6800 Family 

Blanks= 1 0 MHz 

A= 1 5 MHz 
B = 2 0 MHz 

Device Designation 

In M6800 Family 

Package 

P = Plastic 
S = Cerdip 
L= Ceramic 



BETTER PROGRAM 

Better program processing is available on all types listed Add 
suffix letters to part number 

Level 1 add "S" Level 2 add "D" Level 3 add "DS" 



Level 1 "S" = 10 Temp Cycles - I - 25 to 150°CI. 

Hi Temp testing at T/\ max 
Level 2 "D" = 168 Hour Burn-in at 125°C 
Level 3 "DS" = Combination of Level 1 and 2 



Speed 


Device 


Temperature Range 


1.0 MHz 


MC68488P, S 
MC68488CP, CS 


0°C to 70°C 
-40°C to +85°C 


1.5 MHz 


MC68A488P, S 
MC68A488CP, CS 


0°C to 70°C 
-40°Cto +85°C 


2.0 MHz 


MC68488P, S 


0 to +70°C 
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Technical Summary 
Cable Driver/Receiver 



The MC6898 is a peripheral device providing single-ended, 48-mA, small computer system inter- 
face (SCSI) cable drivers/receivers in a single chip. The MC6898 is used to interface the MC68HC99 
hard disk controller (HDC) to an SCSI bus, enhancing its effectiveness as an HDC (see Figure 1). In 
addition, mode, parity, and encoded ID inputs to the MC6898 are used to initialize the MC68HC99 
after reset. The ID inputs are also decoded and driven onto the SCSI bus during arbitration. 

The MC6898 conforms to all requirements of the ANSI X3T9.2 SCSI standard. Use of the MC6898 
greatly reduces the number of chips needed to interface the MC68HC99 to other SCSI devices. 

This technical summary contains limited information on the MC6898. Major hardware features of 
the MC6898 SCSI receiver/driver are as follows: 

• 48-mA Single-Ended Drivers/Receivers 

• 52-Pin PLCC Package for Shock and Vibration Resistance 

• Internal Logic to Drive the MC6899 Mode Select Signals, SCSI ID Signals, and Parity Disable 
Signal at Reset 



BLOCK DIAGRAM 



ID2 ID1 IDO PAREN 



// < ^ DB0-DB7, DBP ^ ) 



TO 
SCSI / 
CABLE X 



RST 
C/D • 
MSG • 
REQ • 
ACK • 
I/O • 

BSY • 



\ 



SCSI ID LATCH 



BIDIRECTIONAL 
48-mA 
INVERTING 
BUFFER 
Af.'D 
MUX LOGIC 



48-mA 
INVERTING 

BUFFER 
AND 
MUX LOGIC 



DB0-DB7, DBP ^ 



ARB/SDBEN 
"DISABLE — 
l/O-OUT — 



RSTOUT 

C/D 
MSG 
REQ 
ACK 

I/0JN/M0DE2 

l/DJJUT 

BSYIN 

BSYOUT 

SELIN 

SELOUT 

ATN/MODEI 









MC6899 MODE 
SELECT LATCH 



I f 

M0DE1 M0DE2 



\ 



TO 

MC68HC99 
HDC 



This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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Figure 1. Basic SCSI Interface 




SIGNAL DESCRIPTION 

The following paragraphs contain a description of the 
MC6898 signals. 

vdd 

VDD supplies +5.0 Vdc power to the MC6898. The ac- 
tual operational range of the power supply is specified 
in the maximum ratings table (see ELECTRICAL CHAR- 
ACTERISTICS). 

vss 

Vss P' ns provide a current return path for the MD6898 
power supply. All signal levels are referenced to Vss- 

RESET (RST, RSTOUT) 

RST is an in put signal that, when asserted, causes 
DB0-DB7, DBP and DB3-DB7 to be driven to their quies- 
cent state. The assertio n of RST also forces the values 
on the ID0-ID2, PAREN, MODE1, and MODE2 pins to be 
driven on the DB0-DB2, D BP, ATN/M ODE1, and l/OJN/ 
MODE2 pins, respectively. R STO UT is an output signal 
that reflects the value of the RST pin. 

SCSI BUS ID (ID0-ID2) 

ID0-ID2 are input signals used to dete rmine the SCSI 
device ID of the MC68HC99. When RST is asserted, the 
values on the ID0-ID2 pins are latched by the MC6898 
and driven onto the DB0-DB2 pins, respectively. The SCSI 
ID is determined according to Table 1. 



Table 1. HDC SCSI Bus ID 



ID2 


ID1 


IDO 


Bus ID 


0 


0 


0 


0 


0 


0 


1 


1 


0 


1 


0 


2 


0 


1 


1 


3 


1 


0 


0 


4 


1 


0 


1 


5 


1 


1 


0 


6 


1 


1 


1 


7 



NOTE: In columns 1-3, a value of zero equals 
logic low; one equals logic high. 



MODE SELECT (MODE1, MODE2) 

MODE1 and MODE2 are input signals used to d eter- 
mine the operating mode of the MC68HC99. When RST 
is asserted, the values on the MODE1 and MODE2 pins 
are driven onto the ATN/MODE1 and I/OJN/MODE2 pins, 
respectively. The operating mode of the MC68HC99 is 
then determined according to Table 2. 



Table 2. HDC Mode Selection 



MODE1 


MODE2 


Mode 


Pin 


Pin 


Selection 


0 


0 


Expanded 3 


0 


1 


Expanded 2 


1 


0 


Expanded 1 


1 


1 


Single-Chip 



NOTE: Incolumnsl and2,avalueofzero 
equals logic low; one equals logic 
high. 
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P ARITY S ELECT (PAREN) 

PAREN is an input signal used to enable/disa ble t he 
parity check function of th e MC68 HC99. When RST is 
asserted, the value on the PA REN pin is driven on the 
DBP pin. Parity is enabled when PAREN is logic low. Data 
bus parity is always odd. 




S CSI DISAB LE (DISABLE) 

DISAB LE is an input signal used to drive the DB0-DB7, 

DBP, and REQ pins to their inactive states. When DISABLE 
is asserted, the values on the C/D, MSG, and l/O -OUT 
pinsare latched and driven (inverted) on the C/D, MSG, 
and I/O" pins, respectively. Also, the level on the AC K pin 
reflects the level on the REQ pin when DISABLE is as- 
serted. 

SCSI DATA BUS (DB0-DB7, DBP, DB0-DB7, DBP) 

DB0-DB7 and DBP are open-collector-type, bidirec- 
tional signals. DB0-DB7 and DBP are also bidirectional 
signals. These signals collectively form the SCSI data 
bus; their function is determined in Table 3. 

SELECT (SEL, SELIN, SELOUT) 

SEL is an open-collector-type, bidirectional signal. SE- 
LIN and SELOUT are output and input signals, respec- 
tively. These signals collectively form the SCSI SELECT 
signal. The SELIN pin always reflects the inverted level 
of the SEL pin. The l evel on the S ELOU T pin is inverted 
and driven onto the SEL pin. The SEL pin, as an open- 
collector output, can only drive to the l ogic -low level. A 
terminating resistor should be used on SEL. Refer to the 
ANSI X3T9.2 SCSI specifications for proper use of ter- 
minating resistors. 

BUSY (BSY, BSYIN, BSYOUT) 

The relationship among the BUSY signals, BSY, BSYIN, 
and BSYOUT, is ex actly the same as the relationship de- 
scribed in SELECT (SEL, SELIN, SELOUT). 

i::ruT/o'JTPUT (i/o, i/o_i::/r.".0Dc2, i/o_outj_ 

The relationship among the I/O signals, I/O, l/O—IN/ 
MODE2, and l/O-OUT is exa ctly the same as the rela- 
tionship described in SELECT (SEL, SELIN, SELOUT). The 



single exception is that when RST is asserted, l/O-IN/ 
MODE2 reflects the value of the MODE2 pin. 

COMMAND/DATA (C/D, C/D) 

C/D is an open-collector-type output signal used on the 
SCSI cable. C/D is an input signal._The level on the C/D 
pin is inverted and driven onjhe C/D pin. Since it is an 
open-collector-type signal, C/D can only drivejogic low. 
A terminating resistor should be used on C/D. Refer to 
the ANSI X3T9.2 SCSI specifications for proper use of 
terminating resistors. 

MESSAGE (MSG, MSG) 

T he rela tionship between the MESSAGE signals, MSG 
and MSG, is exactly the same as that described in COM- 
MAND/DATA (C/D, C/D). 

REQUEST (REQ, REQ) 

T he re lationship between the REQUEST signals, REQ 
and REQ, is exactly the same as that described in COM- 
MAND/DATA (C/D, C/D). 

ACKNOWLEDGE (ACK, ACK) 

ACK is an open-collector-type input signal used on the 
SCSI cable. ACK is an o utput sign al that ref lects the in- 
verted value on the ACK pin. When DISABLE is asserted, 
ACK reflects the state of the R EQ pin. A terminating re- 
sistor should be used on ACK. Refer to the ANSI X3T9.2 
SCSI specifications for proper use of terminating resis- 
tors. 

ARBITRATION/SCSI DATA BUS ENABLE (ARB/SDBEN) 

A RB/SDBEN is a n input signal which, in conjunction 
withRST, DISABLE, and l/O-O UT, d efines the function of 
the SCSI data bus (DB0-DB7, DBP and DB0-DB7, DBP). 
This function is clearly shown in Table 3. 

ATTENTION (ATN, ATN/MODE1) 

ATN is an open-collector-type signal used on the SCSI 
cable. ATN/MODE1 is an o utput signal that reflects the 
inverted value on the ATN pin. When RST is asserted, 
ATN/MODE1 reflects the value of the MODE1 pin. 



Table 3. SCSI Data Bus Signal Functions 



Determining Signal States 


Functions of DB0-DB7, DBP, 
DB0-DB7 and DBP 2 


RST 


DISABLE 


l/CLOUT 


ARB 1 


0 


X 


X 


X 


Inactive: DB0-DB7, DBP, and DB3-DB7. DB0-DB2 reflect 
values of ID0-ID2. DBP reflects the value of PAREN. 


1 


0 


X 


X 


Inactive: DB0-DB7, DBP, DB0-DB7, and DBP 


1 


1 


0 


0 


Values of DB0-DB7 and DBP are inverted and driven onto 
DB0-DB7 and DBP, respectively. 


1 


1 


0 


1 


One pin of DB0-DB7 is asserted. 3 Inactive: All others. 


1 


1 


1 


0 


Values of DB0-DB7 and DBP are inverted and driven onto 
DB0-DB7 and DBP, respectively. 


1 


1 


1 


1 


Illegal Combination 



NOTES: 

1. In Table 3 , zer o eq uals logic low; one equals logic high; and X indicates that the value does not matter. 

2. DB0-DB7 and DBP are open-collector-type pins. Only a logic-low level can be driven. Terminating resistors should 
be used on these signals. Refer to the ANSI X3T9.2 SC SI specific ations for proper use of terminating resistors. 

3. The decoded value o f ID0 -ID2 determines which pin of DB0-DB7 is ass erted . If the combined hexadecimal value of 
ID0-ID2 is zero, then DBO is asserted. If the decoded value is two, then DB2 is asserted, etc. 
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ELECTRICAL CHARACTERISTICS 

MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


V D D 


-0.3 to +7.0 


V 


Input Voltage 


Vin 


-0.3 to Vqd + 0 - 5 


V 


Operating Temperature Range 


ta 


0 to 70 


°c 


Storage Temperature Range 


T stg 


-55 to +150 


°c 


THERMAL CHARACTERISTICS 


Characteristic 


Symbol 


Value 


Unit 


Thermal Resistance 
PLCC 


0JA 


50 


°c/w 



This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum-rated voltages to 
this high-impedance circuit. Reliability of 
operation is enhanced if unused inputs 
are tied to an appropriate logic voltage 
level (e g., either GND or Vqd). 



DC ELECTRICAL CHARACTERISTICS (V DD = 5.0 Vdc±5%; Vss = 0 Vdc; T A = 0 to 70°C) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Output Voltage 

DB0-DB7, DBP, C/D, MSG, REQ, I/O, BSY, SEL 'Load = 48 ™ A 
DB0-DB7, DBP, RSTOUT, ACK, I/OJN/MODE2, BSYIN, SELIN, 

ATN/MODE1 lLoad= 1 - 6mA 

l|_oad=-800 |iA 


vol 

vol 
voh 


24 


0.4 
0.4 


V 


Input High Voltage 


V|H 


2.0 




V 


Input Low Voltage 


V|L 




0.8 


V 


Three-State Leakage 
DB0-DB7, DBP, C/D, MSG, REQ, I/O, BSY, SEL 


ioz 


20 


200 




Input Leakage 

RST, ACK, ATN, ID0-ID2, C/D, PAREN, ARB/SDBEN, DISABLE, l/O-OUT, MSG, REQ, 
BSYOUT, SELOUT, MODE1, MODE2 


l,n 




±10 


IxA 


Input Capacitance 


Cin 




15 


pF 


Power Dissipation (excluding I/O port) 


PD 




50 


mW 



OPEN DRAIN OUTPUTS 
VDD 



^ 82 5 (1 



TEST 
POINT 



MMD6150 
OR EQUIVALENT 



ALL OTHER OUTPUTS 
VDD 

^ 630 !! 



I 



TEST 



90 pF 90 pF 



T 



MMD7000 
OR EQUIVALENT 



Figure 2. Test Load 
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TRANSITION TIMING (see Figure 3) 



Timing Power Dissipation (tpo) 


Input 


L/UipUl 


ax 


Unit 


SELOUT 


SEL 


30 


ns 


BSYOUT 


BSY 


30 


ns 


l/CLOUT 


I/O 


30 


ns 


MSG 


MSG 


30 


ns 


C/D 


C/D 


30 




SEL 


SELIN 


40 


ns 


BSY 


BSYIN 


40 


ns 


REQ 


REQ 


40 


ns 


ACK 


ACK 


50 


ns 


DB0-DB7, DBP 


DB0-DB7, DBP 


80 


ns 


DB0-DB7, DBP 


DB0-DB7, DBP 


40 


ns 


RST 


RSTOUT 


60 


ns 


ATN 


ATN/MODE1 


80 


ns 


I/O 


l/0_OUT/MODE2 


80 


ns 



NOTE: All input timing is referenced to 0.8 V and 2.0 V. All 
output timing is referenced to 0.8 V and 2.0 V, except 
open-drain outputs, which are referenced to 0.5 V and 
5.0 V, with the test loads shown in Figure 2. 





•< tpo >• 




X 










OUTPUT ^^><^ 





Figure 3. Transition Timing 
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ORDERING INFORMATION (T A = 0-70°C) 



Package Type 


Order Number 


PLCC 
FN Suffix 


MC6898FN 



PIN ASSIGNMENT 



o 5 ±: 



co I— o co lu at->uj _ _ _ 

cc<^:coco><a:aoaa 



CD CO CO CO 



n fi rn i-l 



5 4 3 2 O 52 51 50 49 48 47 



REQ C 8 
VSS C 9 
C/D C 

SET C 

MSG C 12 
RST [ 13 
ACK [ 
BSY C 
ATN C 
DBP C 
VSS C 
DB7 C 
DB6 C 



21 22 23 

u u u 



24 25 26 27 28 29 30 31 32 

uuuuuuuuu 



DB4 

DB3 

DB2 

DB1 

DBO 

SELOUT 

BSYOUT 

1/0-0 UT 

C/D 

MSG 

ARB/SDBEN 

DISABLE 

VSS 



CO CO CO CO 



co co co a a a 



la la |o la > |q |q — — 



IS- 2 
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Technical Summary 

Motorola's MC68HC99 hard disk controller (HDC) provides an economical solution to the problem of controlling one or 
more hard disks. The high-speed, low-cost HCMOS technology of the MC68HC99 replaces the multiple-chip set small 
computer system interface (SCSI) controller solutions used in current board-level and embedded controller designs. The 
following block diagram shows how the HDC incorporates all the elements of a disk controller in a single package. 

Some hardware and software features of the MC68HC99 are as follows: 

• High-Speed Serial Data Controller 

• Low-Power HCMOS Technology 

• Reed-Solomon Error Detection/Correction 

• Two On-Chip 528-Byte Rotating Data Buffers 

• MC68HC11 Central Processing Unit (CPU) with 256 Bytes of Random-Access Memory (RAM) 

• MC68HC11 Core with 12K Bytes of Read-Only Memory (ROM) 

• 16-Bit timer with Input Capture and Output Compare Functions 

• Programmable Host Interface 

— Suitable for Both SCSI and Non-SCSI Applications 

— Completely SCSI Compatible 

• Four Operating Modes 

— Single Chip 

— Simple Expanded (for External Peripheral Devices) 

— ROM Expanded (for Additional Firmware Space) 

— ROM Expanded with Timer (Adds External Timer Functions) 



MC68HC99 



BLOCK DIAGRAM 




This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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SIGNAL DESCRIPTION 

V D D AND Vss 

Power is supplied to the HDC using these two pins. 
Vqd is the power input ( + 5.0 V), and Vss is ground. 

CLOCK INPUT (CLK) 

Clock input must be a transistor-to-transistor logic (TTL) 
compatible signal that is internally buffered to develop 
the internal clocks needed by the HDC. This clock input 
should not be gated off at any time. 

E-CLOCK (E) 

This clock output signal provides a timing reference for 
CPU bus cycles on the expanded bus. When E is low, an 
internal cycle is taking place. High E indicates that an 
external bus access is taking place. E is valid regardless 
of which mode the HDC is configured to operate in. 

RESET (RST) 

This input signal is used to reset the HDC. A logic low 
on this pin preemptively resets the HDC and drives all 
outputs to their quiescent state. 

ADDRESS STROBE (AS) 

This output signal is used to demultiplex data signals 
from ports B and C. AS is high one-eight of a cycle after 
the falling edge of E, and low one-eight of a cycle before 
the rising edge of E. AS is used to capture low-order 
address information with a transparent latch. AS is valid 
regardless of which mode the HDC is configured to op- 
erate in. 

READ/WRITE (R/W 

This output signal controls the direction of transfers on 
the external data bus. A high on this pin indicates a read 
cycle; a low indicates a write cycle. R/W is valid regard- 
less of which mode the HDC is configured to operate in. 

HOST DATA BUS (HDB0-HDB7, HDBP) 

The host data bus consists of eight data signals (HDB0- 
HDB7), and a parity signal (HDBP). This bus is used to 
transfer commands, status, and data between the HDC 
and its host computers. Internally, the host data bus con- 
nects with the host data buffers and with the host data 
register (HDR). 

HOST-INTERFACE INPUT/OUTPUT PINS (HIP0-HIP3, 
HOP0-HOP5) 

The HDC host interface includes four input signals (HIP0- 
HIP3) and six output signals (HOP0-HOP5). Each input 
signal has a corresponding bit in the host status register 
(HSR). Each output signal has a corresponding bit in the 
host pin control register (HPCR). When the HDC is used 
as an SCSI controller, the output signals drive the select 
(SEL), busy (BSY), input/output (I/O), command (CMD), 
and message (MSG) signals. Under the same conditions, 
the input signals monitor the SEL, BSY, I/O, and attention 
(ATN) signals. 



TRANSFER REQUEST (REQ) AND ACKNOWLEDGE (ACK) 

The output signal, REQ, and input signal, ACK, are used 
to transfer data asynchronously between the HDC data 
buffers and the host computer. 

SERIAL INTERFACE SIGNALS 

The following are the high-speed serial data controller 
signals. Three of these signals, NRZ DATA, WRT CLK, 
and ADDR MARK ENABLE must be of equal current and 
capacitance in order to maintain timing relationships. 

Nonreturn To Zero Data (NRZ DATA) 

This bidirectional signal transfers serial NRZ data be- 
tween the HDC and the disk. 

Read/Reference Clock (RD/REF CLK) 

This input signal from the disk determines the data 
transfer rate. 

Write Clock (WRT CLK) 

This output signal is derived from the reference clock 
input. It is supplied prior to beginning a write data op- 
eration and exists for the duration of the write operation. 



Read Gate (RD GATE) 

When asserted, this active-low output signal indicates a 
disk read operation. 



Write Gate (WRT GATE) 

When asserted, this active-low output signal indicates 
a disk write operation. 

Index Detect (INDEX) 

This input signal, when asserted, indicates the begin- 
ning of a track on the disk. 

Sector/Address Mark Found (SCTR/ADDR MRK FND) 

This input signal is dependent on the type of disk at- 
tached to the HDC. With a hard-sectored disk, this signal 
indicates the beginning of a sector. With a soft-sectored 
disk, this signal is driven by an external ADDRESS MARK 
DETECT circuit. 

Address Mark Enable (ADDR MARK ENABLE) 

The function of this input signal is dependent on the 
type of disk attached to the HDC and the programmed 
operation of the HDC. 

If the HDC is programmed for the soft-sectored en- 
hanced small disk interface (ESDI) disk format and the 
operation is write format, then this signal, asserted with 
WRT GATE, causes the ESDI disk to write an address 
mark. Negation of ADDR MARK ENABLE with WRT GATE 
asserted indicates the beginning of an ID PLO sync field. 
In all functions other than write format, ADDR MARK 
ENABLE is asserted instructing the soft-sectored ESDI 
disk to search for an address mark field. 

If the HDC is programmed for the hard-sectored ESDI 
disk format and the operation is write format, then ADDR 
MARK is asserted during the preamble field to indicate 
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the beginning of an ID PLO sync field. ADDR MARK EN- 
ABLE is not asserted in operations other than write for- 
mat. 

If the HDC is programmed for the ST-506 disk format 
and the operation is write format, then ADDR MARK EN- 
ABLE is asserted with WRT GATE for one bit time during 
the sixth bit of the address mark field. This pulse is used 
externally to generate an illegal clock pattern that con- 
stitutes a unique address mark. 



INPUT/OUTPUT PROGRAMMING 

Three of the five I/O parallel port registers available 
with the MC68HC99 HDC are used in the serial data con- 
troller and the host interface. The function of the re- 
maining parallel ports, B and C, is dependent on the 
operating mode selected. 

SINGLE-CHIP MODE 

The single-chip mode allows only the on-chip resource 
shown in the block diagram to be available to the HDC. 
The CPU fetches interrupt vectors and executes its code 
from the ROM. 

In this mode, port B pins 0-7 are general-purpose I/O 
pins. Pins PB6 and PB7 can be programmed to function 
as the timer capture input signal (TCAP) and the timer 
compare output signal (TCMP), respectively. This repro- 
gramming is accomplished by setting the TCAP/TCMP 
enable (TEN) bit of the highest priority interrupt register 
(HPIR). 

All port C pins are general-purpose I/O pins in this mode. 

EXPANDED MODE 1 

Expanded mode 1 uses the internal ROM for user firm- 
ware and CPU fetches of all interrupt vectors. Additional 
peripheral devices or memory can be added via the ex- 
panded bus. 

In this mode, all port B pins (0-7) act as high-order 
address output pins. During each MCU cycle, bits 8-15 of 
the address are output on PB0-PB7. 

All port C pins are configured as multiplexed address/ 
data pins. During the address portion of each microcom- 
puter unit (MCU) cycle, bits 0-7 of the address are output 
on PC0-PC7. During the data portion of the MCU cycle (E 
high), bits_PC0-PC7 are bidirectional data pins controlled 
by the R/W signal. 

EXPANDED MODE 2 

Expanded mode 2 uses external memory for CPU 
fetches of firmware and interrupt vectors. After reset, the 
internal ROM is left in the memory map. This ROM can 
be removed from the memory map by setting the remove 
internal ROM (REMROM) bit of the HPIR. This removal 
adds 12K to the external memory space. 

All of the port B pins (0-7) act as high-order address 
output pins. During each MCU cycle, bits 8-15 of the ad- 
dress are output on PB0-PB7. 

All port C pins are configured as multiplexed address/ 
data pins. During the address portion of each MCU cycle, 
bits 0-7 of the address, are output on PC0-PC7. During 



the data portion of the MCU cycle (E high), bits_PC0-PC7 
are bidirectional data pins controlled by the R/W signal. 

EXPANDED MODE 3 

Expanded mode 3 is the same as expanded mode 2, 
except for the configuration of parallel port B. 

Port B pins 0-5 act as high-order address output pins. 
During each MCU cycle, bits 8-13 of the address, are 
output on PB0-PB5. PB6 and PB7 are configured as mul- 
tiplexed, high-order address/timer pins. During the ad- 
dress portion of each MCU cycle, bits 14 and 15 of the 
address are output on PB6 and PB7, respectively. During 
the data portion of the MCU cycle (E high), PB6 is TCAP 
(input), and PB7 is TCMP (output) for the timer. 

All port C pins function the same way as in expanded 
mode 2. 

NOTE 

When the HDC is configured to operate in any of 
the expanded modes, data written to the internal 
registers and internal RAM is also driven onto the 
external data bus. If data is written to the internal 
ROM while the REMROM bit in the HPIR is logic 
zero, the data is not driven onto the external bus. 



MEMORY 

The MC68HC99 HDC has 12K bytes of available ROM 
and 256K bytes of available RAM. The memory is mapped 
for the HDC single-chip mode as shown in Figure 1, for 
the expanded mode 1 as shown in Figure 2, and for ex- 
panded modes 2 and 3 as shown in Figure 3. 



REGISTERS 

The CPU of the HDC uses the basic core of the 
MC68HC11 microcomputer. Seven CPU registers are 
available to programmers, see Figure 4. 

ACCUMULATORS A AND B 

Accumulators A and B are general-purpose 8-bit reg- 
isters used to hold operands and results of arithmetic 
calculations or data manipulations. The two accumula- 
tors can be concatenated into a single 16-bit accumulator 
called the D accumulator. 

INDIRECT REGISTER X (IX) 

The 16-bit IX register is used for indexed mode ad- 
dressing. It provides a 1 6-bit indexing value that is added 
to an 8-bit offset in an instruction to create an effective 
address. The IX register can also be used as a counter 
or as a temporary storage register. 

INDIRECT REGISTER Y (IY) 

The 16-bit IY register is also used for indexed mode 
addressing, similar to the IX register. All instructions us- 
ing the IY register require an extra byte of execution time 
because these instructions use off-page addressing. 
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3 



SFFBF 
SFFCO 




PORT C DIRECTION REGISTER 


$00 


PORT R niRCPTiriM RFl^lCTCR 
rUnl D UlntUIIUlM ntuloltn 


$01 


dhot r* nATA depicted 
rUnl L UAIA ntuloltn 




DflRT R nATA DEPICTER 

rUnl d UAIA ntuloltn 


$03 


HfKT RFNFRAI mNJTRni RFRKTPR 
nuol UCHtriML UUN 1 nUL nLuloltn 


$04 


uncT dim rnMTRni rcpjcted 
nUol r IN LUIMInUL ntuloltn 




nuol jIMIUj ntuloltn 


$06 


HOST DATA REGISTER 


$07 


UO.QT flATA PARITV RFHlQTFR 
nUol UAIA rAnlll ntuloltn 


$08 


intotnvtUJ 




/DtccDV/cm 
(HtotnVtu/ 


VIA 


(RESERVED) 


SOB 


ECC CONTROL REGISTER 


$0C 


(RESERVED) 


$0D 


ECC DATA REGISTER 


$0E 


(RESERVED) 


S0F 


TIMER CONTROL REGISTER 


S12 


TIMER STATUS REGISTER 


S13 


TIMER INPUT CAPTURE HIGH REGISTER 


SI 4 


TIMER INPUT CAPTURE LOW REGISTER 


S15 


TIMER OUTPUT COMPARE HIGH REGISTER 


S16 


TIMER OUTPUT COMPARE LOW REGISTER 


SI 7 


TIMFR milMTFR HlHU RFHKTFR 
1 1 fvi cn uuuiMitn niun ntuloltn 




TIMER milMTCR 1 C\\M DCP.ICTCR 

llmtn LUUNItn LUW ntuloltn 


S1Q 


TIMER ALT COUNTER HIGH REGISTER 


SI A 


TIMER ALT COUNTER LOW REGISTER 


SIB 


(RESERVED) 




(RESERVED) 


SID 


{ntotnvtu) 


SI E 


IntotnVtUI 


S1F 


RIIEEED PEMCDAI PflMTDni DEPICTED 

BUrrtn utNtnAL LUNInULntuloltn 


S20 


BUFFER STATUS REGISTER 


S21 


BUFFER ADDRESS PRESET HIGH REGISTER 


S22 


BUFFER ADDRESS PRESET LOW REGISTER 


S23 


TRACK BLOCK COUNTER REGISTER 


S24 


BUFFER 1 ADDRESS HIGH REGISTER 


S25 


BUFFER 1 ADDRESS LOW REGISTER 


S26 


BUFFER 2 ADDRESS HIGH REGISTER 


S27 


BUFFER 2 ADDRESS LOW REGISTER 


S28 


BUFFER 1 DATA REGISTER 


$29 


BUFFER 2 DATA REGISTER 


S2A 


(RESERVED) 


S2B 


(RESERVED) 


S2C 


(RESERVED) 


$2D 


(RESERVED) 


$2E 


(RESERVED) 


$2F 


SERIAL UNIT CONFIGURATION REGISTER 


$30 


SERIAL UNIT FUNCTION REGISTER 


$31 


SERIAL UNIT STATUS REGISTER 


$32 


SERIAL UNIT ADDRESS COUNTER REGISTER 


$33 


SERIAL UNIT VALUE RAM REGISTER 


$34 


SERIAL UNIT LENGTH RAM REGISTER 


$35 


(KtbtnVtU) 


$36 


(RESERVED) 


$37 


(RESERVED) 


$38 


(RESERVED) 


$39 


(RESERVED) 


$3A 


(RESERVED) 


$3B 


(RESERVED) 


$3C 


(RESERVED) 


$3D 


(RESERVED) 


$3E 


INTERRUPT PRIORITY REGISTER 


$3F 



Figure 1. HDC Single-Chip Mode Memory Map 
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$0000 




SFFBF 
SFFCO 




(EXTERNAL) USER-DEFINED 


$00 


(EXTERNAL) USER-DEFINED 


$01 


(EXTERNAL) USER-DEFINED 


$02 


(EXTERNAL) USER-DEFINED 


$03 


HOST GENERAL CONTROL REGISTER 


$04 


HOST PIN CONTROL REGISTER 


$05 


HOST STATUS REGISTER 


$06 


HOST DATA REGISTER 


$07 


| HOST DATA PARITY REGISTER 


$08 


(RESERVED) 


$09 


(RESERVED) 


$0A 


(RESERVED) 


SOB 


ECC CONTROL REGISTER 


SOC 


(RESERVED) 


SOD 


ECC DATA REGISTER 


$0E 


(RESERVED) 


$0F 


TIMER CONTROL REGISTER 


$12 


TIMER STATUS REGISTER 


$13 


TIMER INPUT CAPTURE HIGH REGISTER 


$14 


TIMER INPUT CAPTURE LOW REGISTER 


$15 


TIMER OUTPUT COMPARE HIGH REGISTER 


$16 


TIMER OUTPUT COMPARE LOW REGISTER 


$17 


TIMER COUNTER HIGH REGISTER 


S18 


TIMER COUNTER LOW REGISTER 


S19 


TIMER ALT COUNTER HIGH REGISTER 


$1A 


TIMER ALT COUNTER LOW REGISTER 


S1B 


(RESERVED) 


SIC 


(RESERVED) 


SID 


(RESERVED) 


S1E 


(RESERVED) 


S1F 


BUFFER GENERAL CONTROL REGISTER 


S20 


BUFFER STATUS REGISTER 


S21 


BUFFER ADDRESS PRESET HIGH REGISTER 


$22 


BUFFER ADDRESS PRESET LOW REGISTER 


$23 


TRACK BLOCK COUNTER REGISTER 


$24 


BUFFER 1 ADDRESS HIGH REGISTER 


$25 


BUFFER 1 ADDRESS LOW REGISTER 


$26 


BUFFER 2 ADDRESS HIGH REGISTER 


$27 


BUFFER 2 ADDRESS LOW REGISTER 


$28 


BUFFER 1 DATA REGISTER 


$29 


BUFFER 2 DATA REGISTER 


$2A 


(RESERVED) 


$2B 


IKbbbHVbU) 


$2C 


(RESERVED) 


$2D 


(RESERVED) 


$2E 


(RESERVED) 


$2F 


SERIAL UNIT CONFIGURATION REGISTER 


$30 


SERIAL UNIT FUNCTION REGISTER 


$31 


SERIAL UNIT STATUS REGISTER 


$32 


SERIAL UNIT ADDRESS COUNTER REGISTER 


$33 


SERIAL UNIT VALUE RAM REGISTER 


$34 


SERIAL UNIT LENGTH RAM REGISTER 


$35 


(RESERVED) 


$36 


(RESERVED) 


$37 


(RESERVED) 


$38 


(RESERVED) 


$39 


(RESERVED) 


$3A 


(RESERVED) 


$3B 


(RESERVED) 


$3C 


(RESERVED) 


$3D 


(RESERVED) 


$3E 


INTERRUPT PRIORITY REGISTER 


$3F 



Figure 2. HDC Expanded Mode 1 Memory Map 
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$0000 






(EXTERNAL) 
4 BYTES 




REGISTERS 




HOST INTERFACE 
5 BYTES 


S0Q3F 






ECC 
2 BYTES 


$0040 






RAM 


\ 


TIMER 
10 BYTES 


$013F 


256 BYTES 




DATA BUFFER 
11 BYTES 






SERIAL DATA 
CONTROLLER 
6 BYTES 


$0140 


(EXTERNAL) 


\ 


SBFBF 


USER-DEFINED 




PRIORITY 
INTERRUPT 
CONTROL 
1 BYTE 


SBFCO 


USER VECTORS 

C A DVTCC 

64 BYltb 




SBFFF 






SCOOO 


(EXTERNAL) 
USER-DEFINED) 






$CFFF 








$D000 


12288 BYTES 
USER-DEFINED 
AS 

INTERNAL ROM 
OR EXTERNAL 






SFFFF 


MEMORY 







(EXTERNAL) USER-DEFINED 


soo 


(EXTERNAL) USER-DEFINED 


$01 


(EXTERNAL) USER-DEFINED 


$02 


(EXTERNAL) USER-DEFINED 


$03 


HOST GENERAL CONTROL REGISTER 


$04 


HOST PIN CONTROL REGISTER 


S05 


HOST STATUS REGISTER 


S06 


HOST DATA REGISTER 


S07 


HOST DATA PARITY REGISTER 


S08 


(RESERVED) 


S09 


(RESERVED) 


SOA 


(RESERVED) 


$0B 


ECC CONTROL REGISTER 


SOC 


(RESERVED) 


SOD 


ECC DATA REGISTER 


SOE 


(RESERVED) 


SOF 


TIMER CONTROL REGISTER 


S12 


TIMER STATUS REGISTER 


S13 


TIMER INPUT CAPTURE HIGH REGISTER 


S14 


TIMER INPUT CAPTURE LOW REGISTER 


S15 


TIMER OUTPUT COMPARE HIGH REGISTER 


S16 


TIMER OUTPUT COMPARE LOW REGISTER 
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TIMER COUNTER LOW REGISTER 


SI 9 
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BUFFER STATUS REGISTER 
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BUFFER ADDRESS PRESET HIGH REGISTER 


S22 


BUFFER ADDRESS PRESET LOW REGISTER 


S23 


TRACK BLOCK COUNTER REGISTER 


S24 


BUFFER 1 ADDRESS HIGH REGISTER 


S25 


BUFFER 1 ADDRESS LOW REGISTER 


S26 


BUFFER 2 ADDRESS HIGH REGISTER 


S27 


BUFFER 2 ADDRESS LOW REGISTER 


S28 


BUFFER 1 DATA REGISTER 


S29 


BUFFER 2 DATA REGISTER 


S2A 


(RESERVED! 


$2B 


(RESERVED) 


S2C 


(RESERVED! 


$2D 


(RESERVED) 


S2E 


(RESERVED) 


$2F 


SERIAL UNIT CONFIGURATION REGISTER 


$30 


SERIAL UNIT FUNCTION REGISTER 


$31 


SERIAL UNIT STATUS REGISTER 


$32 


SERIAL UNIT ADDRESS COUNTER REGISTER 


$33 


SERIAL UNIT VALUE RAM REGISTER 


$34 


SERIAL UNIT LENGTH RAM REGISTER 


$35 


(RESERVED) 


$36 


(RESERVED) 


$37 


(RESERVED) 


$38 


(RESERVED) 
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(RESERVED) 


$3A 
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$3B 


(RESERVED) 


$3C 


(RESERVED) 


$3D 


(RESERVED) 


$3E 


INTERRUPT PRIORITY REGISTER 


$3F 



Figure 3. HDC Expanded Modes 2 and 3 Memory Map 
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Figure 4. Programming Model 



PROGRAM COUNTER (PC) 

The PC is a 16-bit register that contains the address of 
the next instruction to be executed. 

STACK POINTER (SP) 

The SP is a 16-bit register that contains the address of 
the next free location on the stack. The stack is configured 
as a sequence of UFO read/write registers that allow im- 
portant data, such as the PC and CCR, to be stored during 



interrupts and subroutine calls. Each push decrements 
the stack; each pull increments it. Stacking order is shown 
in Figure 5. 

CONDITION CODE REGISTER (CCR) 

The CCR is an 8-bit register with each bit signifying the 
results of the instruction just executed. These bits are 
program testable, allowing specific action to be taken 
based on test results. The condition code register bits are 
given following. 
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Figure 5. Interrupt Stacking Order 
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Carry/Borrow (C). 

The C bit is set if a carry or borrow out of the arithmetic 
logic unit (ALU) occurred during the last operation. The 
C bit is also effected during shift and rotate instructions. 

Overflow (V) 

The V bit is set if an arithmetic overflow resulted from 
the last operation. Otherwise, the V bit is cleared. 

Zero (Z) 

The Z bit is set if the result of the last arithmetic, logic, 
or data operation was zero. Otherwise, the Z bit is cleared. 

Negative (N) 

The N bit is set if the result of the last arithmetic, logic, 
or data operation was negative. Otherwise, the N bit is 
cleared. 

INTERRUPT MASK (I) 

The I bit is set either by hardware or program instruc- 
tion to disable (mask) all maskable interrupt sources, (both 
external and internal). 

Half Carry (H) 

The H bit is set when a carry occurs between bits three 
and four of the ALU during an ADD, ABA, or ADC instruc- 
tion. Otherwise, the H bit is cleared. 
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REC — Start Arbitration/Reconnection Operation Bit 
When the operation is completed, REC is cleared by 
the host interface and cannot be reset to zero by a 
CPU write to the HGCR. REC should be used only 
when the HDC is an SCSI controller. 
1 = Operation in progress 

0 = Operation completed 

ARBINT — Arbitration Begun Interrupt Enable Bit 

ARBINT should be used only when the HDC is an 
SCSI controller. 

1 =Enable 
0= Disable 

SELINT — Selection Interrupt Enable Bit 

SELINTshould be used only when the HDC is an SCSI 
controller. 
1 =Enable 

0 = Disable 

HSTINT — Host Interrupt Enable (Attention Interrupt En- 
able) Bit 

1 = Enable 
0 = Disable 

Bits 3-0 — Not used. 

Unused bits in the HGCR always read as zeros. 



HOST INTERFACE 

The host interface provides the connection between the 
HDC and one or more host computers. Although the host 
interface conforms to the proposed ANSI X3T9.2 SCSI 
bus specification, it can operate with other interfaces. The 
HDC host interface consists of five registers through which 
the firmware is able to: 

• Control the host-interface operations, 

• Monitor and manipulate the host-interface control 
signals, and 

• Read or write the host-interface data bus. 

In addition to these registers, the host interface con- 
tains special-purpose hardware that allows the HDC to 
function as an SCSI target device. 

NOTE 

As a convention, reset values for register bits in all 
MC68HC99 registers are defined as follows: 

0 = Bit is reset to zero. 

1 = Bit is reset to one. 

U = Bit is not affected by reset. 
R = Bit value is determined by an input pin at re- 
set. 

HOST GENERAL CONTROL REGISTER (HGCR) $0004 

The HGCR controls the host-interface interrupt activity. 
Bits HGCR5-HGCR7 are used only when the HDC is func- 
tioning as an SCSI controller. 



HOST PIN CONTROL REGISTER (HPCR) $0005 

The HPCR controls the output levels of the host output 
port pins (HOP0-HOP5) as well as the direction of bits 0- 
7 of the host-interface data register and the data bus 
parity (DBP) bit in the host-interface data parity register. 



7 


6 


5 


4 


3 


2 


1 


0 


DDIR 


0 


H0P5 


H0P4 


H0P3 


H0P2 


H0P1 


HOPO 
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HDBEN) 

RESET 

000000 0 0 



DDIR — Data Register Direction Bit 

1 = The information in bits 0-7 of the host-interface 
data register and bit DBP of the host-interface 
data parity register is driven onto the 
HDB0-HDB7 and HDBP pins, respectively. 

0 = The information in bits 0-7 of the host-interface 

data register and bit DBP of the host-interface 
data parity register reflects the levels on the 
HDB0-HDB7 and HDBP pins, respectively. 

Bit 6 — Not Used. 

Unused bits in the HPCR always read as zeros. 

HOP5 — Host-Interface Output Control Bit 5 

1 = Pin HOP5(ARB/HDBEN) is forced to a logic high 

level. 

0 = Pin HOP5(ARB/HDBEN) is forced to a logic low 
level. 
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H0P4 — Host-Interface Output Control Bit 4 

1 = Pin HOP4(MSG) is forced to a logic high level. 

0 = Pin HOP4(MSG) is forced to a logic low level. 
HOP3 — Host-Interface Output Control Bit 3 

1 = Pin HOP3(CMD) is forced to a logic high level. 

0 = Pin HOP3(CMD) is forced to a logic low level. 
HOP2 — Host-Interface Output Control Bit 2 

1 = Pin HOP20/O-OUT) is forced to a logic high level. 

0 = Pin HOP2(l/0_OUT) is forced to a logic low level. 
HOP1 — Host-Interface Output Control Bit 1 

1 = Pin HOPKBSYOUT) is forced to a logic high 

level. 

0 = Pin HOPKBSYOUT) is forced to a logic low level. 
HOP0 — Host-Interface Output Control Bit 0 

1 = Pin HOPO(SELOUT) is forced to a logic high level. 
0 = Pin HOPO(SELOUT) is forced to a logic low level. 



HOST STATUS REGISTER (HSR) $0006 

The HSR provides the status of the host input port pins 
(HIP0-HIP3). 
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RESET 
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U U 



LOST — Arbitration Lost Status Bit 

This bit denotes the failure of a host-interface arbi- 
tration and reselection operation due to successful 
arbitration by a faster or higher priority SCSI device. 

LOST should be used only when the HDC is an SCSI 
controller. 
1 =Arbitration loss occured. 

0 = Arbitration loss did not occur. 
ARB — Arbitration Begun Bit 

ARB should be used only when the HDC is an SCSI 
controller. 

1 = Detection of an SCSI bus free phase by the host- 

interface arbitration and reselection operation 
drives the ARB/SDBEN and BSYOUT pins to 
logic high levels. 

0 = Bus free phase not detected. 
SELPH = Selection Phase Detected Bit 

SELPH should be used only when the HDC is an SCSI 
controller. 

1 = Host interface detects an SCSI selection phase. 

0 = No SCSI selection phase detected. 
HIP3E — Host Input Port Bit 3 Edge Detected Bit 

1 = Host interface hardware detects a rising edge 

on the HIP3/MODEKATN/MODE1) pin. 

0 = No rising edge detected on the HIP3/ 

MODE1 (ATN/MODE1 ) pin. 
HIP3 — Host Input Port Bit 3 

HIP3 (ATN) is a read-only status bit. 

1 = Pin HIP3/MODE1 (ATN/MODE1 ) is at a logic high 

level. 

0 = Pin HIP3/MODE1 (ATN/MODE1) is at a logic low 
level. 



HIP2 — Host Input Port Bit 2 

HIP20/O IN) is a read-only status bit. 
1 = Pin HIP2/MODE20/O IN/MODE2) is at a logic high 
level. 

0 = Pin HIP2/MODE20/O IN/MODE2) is at a logic low 

level. 

HIP1 — Host Input Port Bit 1 

HIP1 (BSYIN) is a read-only status bit. 

1 = Pin HIP1 (BSYIN) is at a logic high level. 

0 = Pin HIPKBSYIN) is at a logic low level. 
HIPO — Host Input Port Bit 0 

HIPO(SELIN) is a read-only status bit. 

1 =Pin HIPO(SELIN) is at a logic high level. 
0 = Pin HIPO(SELIN) is at a logic low level. 

The LOST, ARB, SELPH, and , HIP3E(ATNE) bits are 
cleared by a read of the HSR followed by a write of zero 
to the desired bit(s). 



HOST DATA REGISTER (HDR) $0007 

The HDR provides the means to place data on the 
HDB0-HDB7 pins and to read data off the HDB0-HDB7 
pins. The data direction bit (DDIR) in the host pin control 
register (HPCR) determines whether the data in the HDR 
is driven on the HDB0-HDB7 pins or whether the data in 
the HDR reflects the levels on the HDB0-HDB7 pins. Bit 
7 in the HDR corresponds to HDB7 and so on. A one in 
any bit indicates the level on the corresponding pin is a 
logic high, while a zero in any bit indicates the level on 
the corresponding pin is a logic low. 

HOST DATA PARITY REGISTER (HDPR) $0008 

The HDPR provides the means to place the correct par- 
ity on the HDBP pin in conjunction with the data in the 
HDR. Likewise, it can be used to monitor the level on the 
HDBP pin. It also provides information on whether or not 
parity is used on the host data bus, and it can store an 
encoded device ID. 

7 6 5 4 3 2 1 0 
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RESET. 
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DBP — Data Bus Parity Bit 

The DDIR bit in the HPCR determines whether the 
logic level on the DBP bit is driven onto the HDBP 
pin or reflects the logic level on the HDBP pin. 
1 = HDBP is high. 

0 = HDBP is low. 

HDBPEN — Host Data Bus Parity Option Bit 

This read-only bit ref lects th e value of the HDBP pin 
at the rising edge of RESET. 

1 = Host data bus parity is enabled. 
0 = Host data bus parity is disabled. 

Bits 5-3 — Not used. 

These bits always read as zero. 

ID2-0 — SCSI Bus Device Identification Bits 

These are read-only bits that refle ct the s tate of the 
HDB2-0 pins at the rising edge of RESET. 
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HDC SCSI OPERATIONS 

The following paragraphs provide information on how 
to use the HDC host-interface as an SCSI target. The HDC 
host-interface is capable of disconnecting and recon- 
necting and of detecting the SCSI selection, bus free, and 
attention phases. It can also perform the initial steps of 
the SCSI bus arbitration and reselection phases. The host 
interface provides the means: 

1) To determine the levels of the SCSI BSY, SEL, I/O, 
and ATN signals and 

2) To drive the SCSI BSY, SEL, I/O, CMD, and MSG 
signals. 

CONTROLLING THE SCSI BUS 

Once selected by an SCSI host, the HDC, as an SCSI 
target, controls the various types of information trans- 
ferred on the SCSI data bus. The SCSI standard supports 
six information phases as follows: 

Data out (from the host) Data in (to the host) 

Command out Status in (to the host) 

(from the host) Message in (to the host) 

Message out (from the host) 

The HDC host interface selects the information phase 
with the arbitration enabled/host data bus enabled (ARB/ 
HDBEN), CMD, MSG, and I/O OUT signals as shown in 
Table 1. When the HDC is not communicating with a host, 
the APB/HDBEN, CMD, MSG, and l/O-OUT signals should 
be driven to a logic low level. All HDC host-interface sig- 
nals are active high and should be inverted by the ex- 
ternal hardware that drives the SCSI bus. 

Table 1. SCSI Bus Phase Control 



ARB/HDBEN 


CMD 


MSG 


l/CLOUT 


SCSI BUS PHASE 


0 


0 


0 


0 


Data Out 


0 


1 
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0 


Command 


0 


1 


1 


0 


Message Out 


1 


0 


0 


1 


Data In 


1 


1 


0 


1 


Status 


1 


1 


1 


1 


Message In 


1 


0 


0 


0 





NOTE: 

1 = Logic High 
0= Logic Low 

♦When ARB/HDBEN is 1 and l/0_Out is 0, external hardware 
drives the HDC SCSI bus device ID onto the SCSI data bus. 

All data is transferred between the HDC and the host 
using the HDC data buffers. Using the corresponding con- 
trol bits in the HPCR, the ARB/HDBEN, CMD, MSG, and 
I/O OUT signals are driven to select the desired data phase. 
Then, the data buffers transfer the data. 



SERIAL DATA CONTROLLER 

The serial data controller provides a high-speed con- 
nection between the HDC and a disk drive. This controller 



is a programmable unit that can work with several driven 
interfaces, such as ST-506, ESDI, and storage module 
device (SMD) interfaces, without CPU intervention. Op- 
erations performed are read and write standard, read and 
write format, read and write long, and data search. 

The serial data controller consists of six registers 
through which the CPU can control serial operations. Three 
of these registers program the serial data operation, while 
the other three establish format parameters. 



SERIAL UNIT CONFIGURATION REGISTER (SUCR) $0030 

The SUCR selects the disk interface type. 
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SUCR 7-2 — Not used. 

Unused bits in the SUCR always read as zeros. 
FIXED — Disk Sector Type Bit 

The FIXED bit should not be set when the ESDI bit 

is cleared. 
1 = Hard-sectored 

0 = Soft-sectored 

ESDI — Disk Data Format Type Bit 

1 = ESDI compatible disk 

0 = ST-506 compatible disk 



SERIAL UNIT FUNCTION REGISTER $0031 

The serial unit function register (SUFR) selects and starts 
a serial data operation. 
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START — Start Operation Bit 

The START bit always reads as a zero. 
1 =The serial data controller begins the operation 
defined by the ECC, DISCHCK, FORMAT, RD/ 
WRT, and SEARCH bits. 

0 = Immediately after START is set to one, the serial 

data controller resets START to zero. 
ABORT — Abort Operation Bit 

Usually, ABORT will read as a zero. 

1 =The serial data controller aborts the current op- 

eration within one sector time cycle, and per- 
forms an orderly shutdown of all serial control 
signals. 

0 = Immediately after the ABORT bit is set to one, 

the serial data controller resets it to zero. The 
time required by the controller to clear ABORT 
depends on the frequency of the read/reference 
clock signal from the disk. 
INT EN — Interrupt Enable Bit 

1 =The serial data controller interrupt is enabled. 
0 = The serial data controller interrupt is disabled. 
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ECC — Error Checking and Correction Bit 

1 =When this bit is set, the serial data controller 
performs the read or write operation without 
using the ECC unit. On a read operation, the 
data field is not checked for data errors. This 
function allows a host computer to manage the 
ECC. 

0 = (Default) When this bit is clear, the serial data 

controller performs the read or write operation 
using the ECC unit. Check bytes from the ECC 
unit are written on the disk immediately follow- 
ing the data field when a write operation is ex- 
ecuted. When a read operation is executed, the 
ECC unit checks for data errors. 
DISCHCK — Disable Header ECC Check Bit 

1 =The address field of each sector is not checked 

for errors. 

0 = (Default) The address field of each sector is 

checked for errors. 
FORMAT — Selects a Format Operation Bit 

1 = Selects a format track operation 

0 = Does not select a format track operation. 
RD/WRT — Selects a Read or Write Operation Bit 

1 = Selects a read operation 

0 = Selects a write operation 
SEARCH — Selects a Search Operation Bit 

1 = Selects a data search operation 

0 = Does not select a data search operation 

The serial data controller supports eight legal combi- 
nations of the ECC, DISCHCK, FORMAT, RD/WRT, and 
SEARCH bits. If an illegal option is selected, the serial 
data controller will operate erratically and can destroy 
data on the disk. Table 2 is a list of legal values in the 
various types of serial data controller operations. 

Table 2. List of Legal Values 



Serial Data Controller Operation 



0 0 0 0 0 


= Write Standard 


0 0 0 1 0 


= Read Standard 


0 0 10 0 


= Write Format 


0 0 110 


= Read Format 


1 0 0 0 0 


= Write with ECC 


10 0 10 


= Read with ECC 


0 0 0 1 1 


= Search 


110 10 


= Read with ECC on Header Disabled 


All Others 


= Illegal Operation 



SERIAL UNIT STATUS REGISTER (SUSR) $0032 

The SUSR indicates the status of the serial data op- 
eration. 
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ACT — Active Bit 

One of the other status bits indicates whether or not 
it was a normal operation termination. ACT is a read- 
only status bit. 
1 =The serial data controller operation is in prog- 
ress. 

0 = The operation terminated. 
DONE — Operation Complete Bit 

DONE is not valid while ACT is one. 

1 =The serial data controller operation completed 

without error or was aborted by the ABORT bit 
in the SUFR. 

0 = Error termination. 
NOMATCH — No Match Bit 

NOMATCH is not valid while ACT is one. 

1 =The data search operation terminated because 

of a data miscompare. 

0 = Data miscompare did not cause error termi- 

nation. 
SKERR — Seek Error Bit 

SKERR is not valid while ACT is one. 

1 =The serial data controller operation terminated 

because of a cylinder or head miscompare dur- 
ing an address field search. 

0 = A cylinder or head miscompare did not cause 

error termination. 
FLGERR — Flag Error Bit 

FLGERR is not valid while ACT is one. 

1 = The operation terminated because of a flag mis- 

compare detected on the current track. 

0 = A flag miscompare did not cause error termi- 

nation. 
IXERR — Index Error Bit 

IXERR is not valid while ACT is one. 

1 =Two index pulses were detected since the op- 

eration started without finding the indicated 
sector address. During a write format opera- 
tion, format information was still being written 
when INDEX was detected, indicating the field 
lengths in the length RAM are too long. 

0 = Index error did not cause error termination. 
ECCERR — Error Checking and Correction Error Bit 

ECCERR is not valid while ACT is one. 

1 = A data field ECC error occurred. 

0 = A data field error did not cause an error ter- 

mination. 
DSNF — Data Sync Not Found Bit 

DSNF is valid only for ST-506 disks. DSNF is not valid 
when ACT is one. 

1 =A data sync byte was never found during the 

operation. 

0 = Data sync not found did not cause an error ter- 
mination. 

The DONE, NOMATCH, SKERR, FLGERR, IXERR, EC- 
CERR, and IDSNF bits are cleared by a read of the SUSR 
followed by a write of zero to the desired bit(s). 



SERIAL UNIT ADDRESS COUNTER REGISTER (SUAC) 

The SUAC is a 5-bit register that points to two bytes: 
one in the value RAM and one in the length RAM. When 
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a serial data operation is in progress, the SUAC register 
is under the control of the serial data controller and should 
not be accessed. 

SERIAL UNIT VALUE RAM DATA REGISTER (SUVR) 

The SUVR accesses the data in the value RAM. 

SERIAL UNIT LENGTH RAM DATA REGISTER (SULR) 

The SULR accesses the data in the length RAM. 

VALUE AND LENGTH RAM ARRAYS 

The serial data controller uses two arrays of RAM to 
define the length and data content of each field in one 
sector. The first array is the length RAM. The second array 
is the value RAM. A byte in the length RAM corresponds 
to a byte in the value RAM. Each RAM array contains 24 
bytes, which are not directly mapped in the CPU's ad- 
dress space. As a result, the length and value RAM arrays 
are accessed via the SULR and SUVR, respectively. Each 
register is a window providing access to the correspond- 
ing bytes addressed by the SUAC. 

During a serial data controller write format operation, 
the information in a value RAM byte is duplicated on the 
disk the number of times specified by the corresponding 
length RAM byte. Normal serial-data-controller read/write 
operations use the information in the value and length 
RAMS to a s sert/negate the serial-data-controller signals 
(RD GATE, WRT GATE, etc.). The serial-data-controller 
takes these steps to locate the data fields within the sec- 
tors on a track. 

The value and length RAM arrays must be initialized 
by the CPU in the HDC startup procedure. Once the arrays 
are initialized, only the cylinder, head, sector, and flag 
fields need to be changed prior to starting each serial 
data operation. 



BUFFER UNIT 

The data buffer controller provides a high-speed con- 
nection between the HDC and a host computer using the 
host interface data bus. In a standard read operation, 
parallel data from the serial data controller is shipped 
through the data buffers to the host computer. A standard 
write operation ships data from the host through the data 
buffer to the serial data controller. When performing a 
standard read or write operation, the data buffer con- 
troller fills one data buffer while the other is being emp- 
tied. The data buffers are also used to send or receive 
command and status information between the HDC and 
a host computer and to send format information and 
verification patterns to the disk. 

The data buffer controller consists of eight registers, 
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START — Start Operation Bit 

The START bit always reads logic zero. 
1 =The buffer controller begins the operation de- 
fined by the XFER1, XFERO, and DIR bits. 
0 = Immediately after START is set to one, the data 
buffer controller resets START to zero. 
ABORT — Abort Operation Bit 

The ABORT bit always reads logic zero. 
1=The data buffer controller aborts the current 
operation as soon as the byte transfer to/from 
the host and/or the byte transfer to/from the 
serial data controller is finished. The data buffer 
controller negates REQ and drives HDB0-HDB7 
and HDBP to a quiescent state. 

0 = Immediately after ABORT is set to one, the data 

buffer controller resets ABORT to zero. 
DNINT — Done Interrupt Bit 

1 =The buffer done interrupt is enabled. 

0 = The buffer done interrupt is disabled. 
ERRINT — Error Interrupt Bit 

1 =The buffer error interrupt is enabled. 

0 = The buffer error interrupt is disabled. 
DEFALT — Default Bit 

The default buffer is the first buffer to receive or send 
data. 

1 =The programmed operation uses BUFFER2. 

0 = The programmed operation uses BUFFER1. 
XFER0-XFER1 — Transfer Zero-Transfer One Bits 

These bits contain a binary number that selects the 
data buffer controller operation. 
DIR — Direction Bit 

1 = Direction of data flow through the data buffer 

is from controller to host. 
0 = Direction of data flow through the data buffer 
is from host to serial data controller. 

In this register, the DEFALT, XFER1, XFERO, and DIR 
bits are write protected when the ACT bit of the BUSR is 
logic one. Table 3 lists the data buffer controller transfer 
types and their coding. 

Table 3. Transfer Types and Coding 



Transfer Type 



0 0 0 = Write Disk 

0 0 1= Read Disk 

0 10 = Read Host 

0 11= Write Host 

10 0 = Write Format 
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ACT 


DONE 


HPRTY1 


DPRTY1 


HPRTY2 


DPRTY2 


CNTERR 


BUFX 


RESET: 
0 


0 


0 


0 


0 


0 


0 


0 



BUFX is a read-only status bit. 
1 =The last buffer to transfer data to or from the 

serial data controller was BUFFER 2. 
0 = The last buffer to transfer data to or from the 

serial data controller was BUFFER 1. 




ACT — Operation Active Bit 
ACT is a read-only status bit. 
1 = A data bufer controller operation is in progress. 

0 = The operation has terminated. 

The other BUSR status bits indicate whether the 
termination was a normal or error termination. 
DONE — Operation Done Bit 

DONE is not valid while ACT is one. 

1 =The operation completed without error or was 

aborted by setting the ABORT bit in the BGCR. 
0 = The operation completed with error. 
HPRTY1 — Parity Error Between Host and BUFFER1 Bit 
HPRTY1 is not valid while ACT is one. 
1=The data buffer operation on BUFFER1 termi- 
nated because of a parity error on the host- 
interface data bus. If parity is not enabled on 
the host-interface data bus, then HPRTY1 is set 
to one only for a parity error on data transferred 
from BUFFER1 to the host computer. 
0 = No parity error existed on data transferred be- 
tween BUFFER1 and the host. 
DPRTY1 — Parity Error Between Disk and BUFFER1 Bit 
DPRTY1 is not valid while ACT is one. 
1=The data buffer operation on BUFFER1 termi- 
nated because of a parity error on data trans- 
ferred from BUFFER1 to the serial data 
controller. 

0 = No parity error existed on data transferred be- 
tween BUFFER1 and the serial data controller. 
HPRTY2 — Parity Error Between Host and BUFFER2 Bit 
HPRTY2 is not valid while ACT is one. 
1=The data buffer operation on BUFFER2 termi- 
nated bccaucc of a parity error on the host in- 
terface data bus. If parity is not enabled on the 
host-interface data bus, then HPRTY2 is set to 
one only for a parity error on data transferred 
from BUFFER2 to the host computer. 
0 = No parity error existed on data transferred be- 
tween BUFFER2 and the host. 
DPRTY2 — Parity Error Between Disk and BUFFER2 Bit 
DPRTY2 is not valid while ACT is one. 
1=The data buffer operation on BUFFER2 termi- 
nated because of a parity error on data trans- 
ferred from BUFFER2 to the serial data 
controller. 

0 = No parity error existed on data transferred be- 

tween BUFFER2 and disk. 
CNTERR — Count Error Bit 

CNTERR is not valid while ACT is one. 

1 = The data buffer controller sent or received more 

bytes than the serial data controller requested. 
0 = No count error occurred. 
BUFX — Buffer Last Connected to Disk Bit 

This information is used when an error occurred dur- 
ing a standard operation, and the data is to be cor- 
rected. 



The DONE, HPRTY1, DPRTY1, HPRTY2, DPRTY2, and 
CNTERR bits are cleared by a read of the BUSR followed 
by a write to the desired bit(s). 

BUFFER ADDRESS REGISTERS (BAR1, BAR2) 

The buffer address registers (BAR1 and BAR2) are 16- 
bit registers used to address a byte in the corresponding 
data bufer. BAR1 and BAR2 are decremented by the data 
buffer controller when the corresponding data buffer is 
accessed. When a data buffer operation is in progress, 
BAR1 and BAR2 are controlled by the data buffer con- 
troller and should not be accessed. 

The four most significant bits of both BAR1 and BAR2 
are not used and always read as zeros. The address of 
the most significant byte (MSB) of BAR1 is $0025, and 
the address of the least significant byte (LSB) of BAR1 is 
$0026. The address of the MSB of BAR2 is $0027, and 
the address of the LSB of BAR2 is $0028. 

BUFFER DATA REGISTERS (BDR1, BDR2) 

Data in BUFFER1 and BUFFER2 is accessed via BDR1 
and BDR2, respectively. When a data buffer operation is 
in progress, BDR1 and BDR2 are controlled by the data 
buffer controller and should not be accessed. The address 
of BDR1 is $0029, and the address of BDR2 is $002A. 

BUFFER ADDRESS PRESET REGISTER (BAPR) 

The BAPR is a 16-bit register used to load a preset 
address into BAR1 and/or BAR2 during a data buffer op- 
eration. The value in this register addresses the first byte 
in either buffer to send or receive data. The DAPil must 
be initialized prior to starting the data buffer operation. 
For example, when a 10-byte command packet is sent 
from the host computer into BUFFER1, BAPR is set to 9. 
After the data buffer operation, the first byte of the com- 
mand is in BUFFER1 at address $009, and the last byte 
is at address $000. For a multiblock disk read with a block 
size of 256 bytes, the BAPR is set to $0FF (255). When a 
data buffer operation is in progress, BAPR is controlled 
by the buffer data controller and should not be accessed. 
The four most significant bits of the BAPR are not used 
and always read as zeros. The address of the MSB of the 
BAPR is $0022, and the address of the LSB is $0023. 

TRACK BLOCK COUNTER REGISTER (TBCR) 

The TBCR specifies the number of blocks of data to be 
transferred through the data buffers. For example, when 
a command packet is to be received from the host, TBCR 
is set to one. When a multiblock disk read is to be done, 
TBCR is set to the number of blocks to be sent to the 
host. During a data buffer operation, TBCR is controlled 
by the data buffer controller and should not be accessed. 
The address of the TBCR is $0024. 
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DATA BUFFERS 

The HDC has two data buffers, BUFFER1 and BUFFER2, 
which are each large enough to hold a 512-byte sector 
of data plus 16 ECC check byte (a total of 528 bytes). 
During a standard read or write data operation, only one 
sector of data is held in a data buffer, and the two data 
buffers cannot be concatenated for larger sector sizes. 
Because the data buffers are not directly mapped in the 
CPU's address space, each buffer is accessed via the buffer 
data registers (BDR1 and BDR2) and the buffer address 
registers (BAR1 and BAR2). To read or write in BUFFERx, 
where x is 1 or 2, BARx must be set to the address of the 
byte ($000 through $20F). BDRx must then be read or 
written to access the data byte. After BDRx is read or 
written, BARx is automatically decremented by one. Fig- 
ure 6 is a diagram of the data buffer. 

If BARx is set to a value greater than $20F and BDRx 
is read or written, then BUFFERx is not accessed. In the 
case of a read, the value returned is undefined. The flow- 
chart in Figure 7 shows how to access a data buffer. 

DATA BUFFER PARITY 

Each byte in both data buffers has a corresponding 
parity bit. When a data byte is written to either data buffer, 
a parity bit is generated and stored with the byte. When 
a data byte is read from a buffer, the byte is checked for 
a parity error. If an error is detected on a byte being sent 
to a host computer, then either the HPRTY1 or HPRTY2 
bit in the BUSR is set, depending on which data buffer 
sent the byte. If an error is detected on a byte being sent 
to the serial data controller, then either the DPRTY1 or 
DPRTY2 bit in the BUSR is set, depending on which data 
buffer sent the byte. 



When a data byte is received from the host computer 
with parity on the host interface data bus enabled, the 
byte is checked for a parity error. If an error is detected, 
then either the HPRTY1 and HPRTY2 bit in the BUSR is 
set, depending on which data buffer sent the byte. 

When a data byte is received from the host computer 
with parity on the host interface data bus enabled, the 
byte is checked for a parity error. If an error is detected, 
then either the HPRTY1 and HPRTY2 bit in the BUSR is 
set, depending on which data buffer received the byte. 

No indication of a parity error when the CPU reads data 
from the data buffers is given. 

ECC UNIT 

The serial data controller manages the error checking 
and correction unit (ECC) to provide Reed-Solomon based 
error checking and correction without host intervention. 
When an error is detected on a data field, the CPU inter- 
rogates the ECC unit for information to correct erroneous 
data held in the data buffers. The ECC unit uses inter- 
leaving to increase protection for data fields by breaking 
the data field into smaller logical blocks and protecting 
each block separately. The interleave factor is selectable 
between one, two, three, and five. A recommended in- 
terleave of two should be used for block sizes of 256 or 
128, and an interleave of three is recommended for a 
block size of 512. The ECC unit interleave should not be 
confused with the sector interleave on the disk. The ECC 
unit interleave, which is invisible, does not affect the way 
data is written on the disk. 

The ECC unit consists of two registers through which 
the CPU can select an interleave factor and obtain cor- 
rection information in case of error. 



BDRX 





Figure 6. Data Buffer Diagram 
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Figure 7. MPU Access of Buffer X 



ECC CONTROL REGISTER (ECR) $OOOC 

The ECR selects the interleave and interrogates the ECC 
unit for correction information if an error is detected. 
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EM — Enable Monitor Bit 

This bit is used by Motorola for testing the ECC unit 

and should not be written. 
IP — Increment Pointer Bit 

This bit is used during a correction to increment the 

interleave pointer. 
ILV1-0 — Interleave Factor Bits 

The ILV1 and ILVO bits select the ECC interleave factor 

to be used on a block of data, as shown in Table 4. 



Table 4. Interleave Selection 



ILV1 


ILVO 


Interleave Factor 


0 


0 


1 


0 


1 


2 


1 


0 


3 


1 


0 


4 



CS — Clear Syndrome Bit 

This bit is used by Motorola for testing the ECC unit 

and should not be written. 
CP — Clear Pointer Bit 

This bit is used during a correction to clear an internal 

data pointer. 
CD — Clear Data Bit 

This bit is used during a correction to clear the ECC 

data register. 
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CR — Clear RAM Bit 

This bit is used by Motorola for testing the ECC unit 
and should not be written. 

ECC DATA REGISTER (EDCR) 

The EDCR provides the CPU with an error byte mask 
and is used only during a correction. 

RESET 



The RESET signal resets the CPU core and on-chip de- 
vices to provide an orderly startup procedure and to en- 
sure that all peripherals and output signals are in a 
quiescent state. 

CPU AFTER RESET 

After reset, if the operating mode is single-chip or ex- 
panded mode 1, the CPU fetches its restart vector from 
internal ROM at $FFFE and $FFFF. The I bit in the con- 
dition code register is set to mask interrupt requests. 

PORTS B AND C AFTER RESET 

After reset, if the operating mode is single-chip, then 
the port B and C pins are inputs. If the operating mode 
is one of the expanded modes, then the port B and C pins 
begin driving the expansion bus. 

TIMER AFTER RESET 

After reset, the timer counter is initialized to $FFF9. If 
the operating mode is single-chip, then timer TCAP and 
TCMP pin functions are disabled. The user can elect to 
enable these functions by setting the TEN bit of the HPIR. 



INTERRUPTS 

The HDC supports both maskable and nonmaskable 
interrupts with a prioritization scheme similar to the 
MC68HC11. 

Maskable interrupts originate only from the on-chip 
peripheral devices and can be masked by the I bit of the 
condition code register. The interrupt signals coming from 
the various devices are prioritized. The highest priority 
interrupt is selected by changing the value of the PSELO-3 
bits in the highest priority interrupt register (HPIR). The 
timer interrupt defaults to the high est prio rity after reset. 

Nonmaskable interrupts include RESET , illegal opcode 
trap, and software interrupt (SWI). RESET has the highest 
priority, followed by illegal opcode trap. SWI is actually 
an instruction having the highest priority after RESET. 
This statement is essentially true since, once the SWI 
opcode has been fetched, no other interrupt will be 
honored until after the SWI vector is fetched. 

Table 5 shows the interrupt sources and their corre- 
sponding vectors. Each vector requires two bytes. The 
first vector byte contains the eight most significant bits 
of vector address; the second byte contains the eight 
least significant bits of vector address. Figure 8 shows 
the interrupt handler flowchart. 



Table 5. Interrupt Vectors 



Vector 


Interrupt Source 


Masked 


Address 




By 


XXCO, XXC1 






To 


ncbci vcu 




AAC4, AACj 






XXE6, XXE7 


Serial Unit Termination 


I Bit 


yycQ yycq 

AACO| A A C J 


a ft n 

cutter Done 


I Bit 


XXEA, XXEB 


Buffer Error 


I Bit 


XXEC, XXED 


SCSI Attention 


I Bit 


XXEE, XXEF 


SCSI Arbitration Begun 


I Bit 


XXFO, XXF1 


SCSI Selection Phase 


I Bit 


XXF2, XXF3 


Timer 


I Bit 


XXF4, XXF5 


Reserved 




XXF6, XXF7 


SWI 


None 


XXF8, XXF9 


Illegal Opcode Trap 


None 


XX FA, XX FB 


Reserved 




XXFC, XXFD 


Reserved 




XXFE, XXFF 


Reset 


None 



NOTE: 

XX= FF if mode is single-chip or expanded 1 
XX=BF if mode is expanded 2 or expanded 3 



HIGHEST PRIORITY INTERRUPT REGISTER (HPIR) $003F 

The HPIR is an 8-bit read/write register that contains 
seven control bits and one read-only status bit. 
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TEN — TCAP/TCMP Enable Bit 
In single-chip mode: 

1 =TCAP and TCMP are enabled on port B pins 6 
and 7, respectively. 

0 = TCAP and TCMP are disabled, and port B pins 

6 and 7 are dedicated to general-purpose I/O. 
In expanded modes: 

TEN is a read-only bit that always reads logic zero. 
REMROM — Remove Internal ROM Bit 
In expanded 2 and 3 modes: 

1 = Internal ROM is disabled, addresses from $D000 

to $FFFF must be accessed externally. 

0 = Internal ROM is enabled. 

In expanded 1 and single-chip modes: 

REMROM is a read-only bit that always reads logic 
zero. 

IRV — Internal Read View Bit 
In single-chip mode: 

IRV is a read-only bit that always reads logic zero. 
In expanded modes: 
Once set, IRV can only be cleared by reset. 

1 = Data read from internal registers, ROM, and RAM 

is driven onto the external multiplexed address/ 
data bus. 

0 = Data is not driven onto external bus. 
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NOTE: 

XX is FF if mode is single-chip or expanded 1; 
XX is BF if mode is expanded 2 or expanded 3. 



Figure 8. Interrupt Handler Flowchart 
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MODE — Read-Only Status Bit Indicating Current Oper- 
ating Mode 

1 = Expanded 2 or expanded 3 mode 
0 = Single-chip or expanded 1 mode 
PSEL3-0 — Priority Select 

These bits contain a binary number indicating the I- 
interrupt source with the highest priority. This binary 
code and its meaning are shown in Table 6. 



Table 6. Interrupt Source and Priority 



0110 


— Timer 


1010 — 


Buffer Error 


0111 


— SCSI Selection 


1011 — 


Buffer Done 


1000 


— SCSI Arbitration 


1100 — 


Serial Unit 


1001 


— SCSI Attention 







All other codes are reserved. 



control the interrupts associated with each of the three 
flag bits found in the timer status register (TSR): ICF, OCF, 
and TOF, respectively. The IEDG bit controls whether the 
negative or positive edge of the signal is significant to 
the input capture edge detector. The OLVL bit controls 
the next value to be clocked to the output level register 
in response to a successful output compare. 

The TCR and the free-running counter are the only sec- 
tions of the timer affected by reset. The TCMP pin is 
forced low during external reset and remains low until 
raised high by a valid compare. The TCR is shown below: 
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LOW POWER MODE: WAIT 

For low power operation, this HDC implements the WAIT 
instruction. WAIT causes the CPU core of the HDC to 
assume a low power state, or wait mode, with the internal 
clocks still active. 

In the wait mode, the machine state is stacked and 
program execution stops. The serial data controller, ECC 
unit, dat a buffe r unit, host interface and timer are not 
affected. RESET and the I interrupt cause an exit from the 
wait mode if the I bit in the condition code register is 
clear. 



TIMER 

Preceded by a fixed divide-by-four prescaler, the pro- 
grammable timer can be used for many purposes since 
its pulse widths can vary from several microseconds to 
many seconds. A block diagram of the timer is shown in 
Figure 9. 

Because the timer has a 16-bit architecture, each spe- 
cific functional segment, or capability, is represented by 
two 8-bit registers. These registers contain the high or 
low byte of that functional segment and are called the 
high-byte register and low-byte register, respectively. 
Generally, accessing the low-byte register of a specific 
timer function allows full control of that function. How- 
ever, an access of the high-byte register inhibits that spe- 
cific timer function until the low-byte register is also 
accessed. 

NOTE 

The I bit in the condition code register should be 
set while manipulating both the high-byte and the 
low-byte registers of a specific timer function to 
ensure that an interrupt does not occur. Setting this 
bit prevents interrupts from occurring between the 
time that the high- and low-byte registers are ac- 
cessed. 

TIMER CONTROL REGISTER (TCR) $0012 

The TCR is an 8-bit read/write register which contains 
five control bits. Three of these bits, ICIE, OCIE, and TOIE, 



ICIE — Input Capture Interrupt Enable Bit 

1 =The timer interrupt is enabled when the input 
capture flag (ICF) status flag is set. 

0 = lnterrupt is inhibited. 

OCIE — Output Compare Interrupt Enable Bit 

1 =The timer interrupt is enabled when the output 

compare flag (OCF) status flag is set. 

0 = Interrupt is inhibited. 

TOIE — Timer Overflow Interrupt Enable Bit 

1 =The timer interrupt is enabled when the timer 

overflow flag (TOF) status flag is set. 
0= Interrupt is inhibited. 
Bits 4-2 — Not Used. 
IEDG — Input Edge Bit 

The input edge bit determines which level transition 
will trigger a free-running counter transfer to the in- 
put capture register. 
1 = Positive edge 

0 = Negative edge 
OLVL — Output Level Bit 

The output level bit is clocked into the output level 
register by the next successful output compare. This 
bit and the output level register are cleared by reset. 

1 =High output 
0 = Low output 



TIMER STATUS REGISTER (TSR) $0013 

The TSR is an 8-bit register of which the three most 
significant bits contain read-only status information. These 
three bits indicate the following: 

— A proper transition has taken place with an ac- 
companying transfer of the free-running counter 
contents to the input capture register. 

— A match has been found between the free-run- 
nign counter and the output compare register. 

— A free-running counter transition from $FFFF to 
$0000 has been sensed (timer overflow). 
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Figure 9. Timer Block Diagram 



ICF — Input Capture Flag 

1 =A proper edge has been sensed by the input 

capture edge detector. 
0 = The flag is cleared by a processor access of the 
TSR (with the ICF set) followed by accessing 
the low byte ($15) of the input capture register. 
OCF — Output Compare Flag 

1=The output compare register contents match 
the contents of the free-running counter. 

0 = The flag is cleared by accessing the timer status 

register (with OCF set) and then accessing the 
low byte ($17) of the output compare register. 
TOF — Timer Overflow Flag 

1 =A transition of the free-running counter from 

$FFFF to $0000 occurred. 
0 = The flag is cleared by accessing the timer status 
register (with TOF set) and then accessing the 
low byte of the free-running counter $19). 



Bits 4-0 — Not used. 

Accessing the TSR satisfies the first step required to 
clear any status bits that happen to be set during the 
access. The next step is to access the register associated 
with the status bit. Typically, this procedure is accom- 
plished using the input capture and output compare func- 
tions. 

A problem can occur when the user is using the timer 
overflow function and reading the free-running counter 
at random times to measure an elapsed time. Without 
incorporating the proper precautions into software, the 
TOF could unintentionally be cleared if: 

1) The TSR is read or written when TOF is set and 

2) The LSB of the free-running counter is read but 
not for the purpose of servicing the flag. 

Since the counter alternate register contains the same 
value as the counter, this alternate register can be read 
at any time without affecting the TOF. 
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INPUT CAPTURE REGISTER (ICR) 

The two 8-bit registers, which comprise the 16-bit ICR, 
are read-only registers. After the corresponding input- 
capture edge detector senses a defined transition, these 
registers are used to latch the value of the free-running 
counter. The level transition that triggers the counter 
transfer is defined by the corresponding input edge bit 
(IEDG). Reset does not affect the contents of the ICR. 

The result obtained by an input capture will be one 
more than the value of the free-running counter on the 
rising edge of the internal processor clock preceding the 
external transition. This delay is required for internal syn- 
chronization. Resolution is affected by the prescaler al- 
lowing the timer to increment only every four internal 
processor clock cycles. 

The free-running counter contents are transferred to 
the ICR on each proper signal transition regardless of 
whether the ICF is set or clear. The ICR always contains 
the free-running counter value that corresponds to the 
most recent input capture. 

After reading the ICRs MSB ($14), counter transfer is 
inhibited until the LSB ($15) is also read. This character- 
istic causes the input-capture software routine and its 
interaction with the main program to determine the min- 
imum pulse period attainable. The free-running counter 
increments every four internal processor clock cycles due 
to the prescaler. 

A read of the LSB ($15) of the ICR does not inhibit the 
running-counter transfer since the read and the transfer 
occur on opposite edges of the internal processor clock. 
Minimum pulse periods are ones which allow software 
to read the LSB ($15) and perform needed operations. 

OUTPUT COMPARE REGISTER (OCR) 

The OCR is a 16-bit register, which is made up of two 
8-bit registers at locations $16 (MSB) and $17 (LSB). The 
OCR can be used for such pruposes as indicating when 
a period of time has elapsed. The OCR is unique in that 
all bits are readable and writable and are not altered by 
the timer hardware. Reset does not affect the contents of 
this register. If the compare function is not needed, the 
two bytes of the OCR can be used as storage locations. 

OCR contents are compared with the contents of the 
free-running counter every four internal processor clocks. 
If a match is found, the corresponding OCF bit of the TCR 
is set, and the corresponding OLVL bit is clocked to an 
output level register by the output compare circuit pulse. 
The values in the OCR and the OLVL should be changed 
after each successful comparison in order to establish a 
new elapsed timeout. An interrupt can also accompany 
a successful output compare provided the corresponding 
interrupt enable bit (OCIE) is set. 

After a processor write cycle to the OCR containing the 
MSB ($16), the output compare function is inhibited until 
the LSB ($17) is also written. The user must write both 
bytes (locations) if the MSB is written first. A write made 
only to the LSB ($17) will not inhibit the compare function. 
The free-running counter is updated every four internal 
processor clock cycles due to the internal prescaler. The 
minimum time required to update the OCR is a function 
of the program rather than the internal hardware. 



A processor write may be made to either byte of the 
OCR without affecting the other byte. The OLVL is clocked 
to the output level register regardless of whether the OCF 
is set or clear. 

Because neither the OCF nor OCR is affected by reset, 
care must be exercised when initializing the output com- 
pare function. The following procedure is recommended: 

1 ) Write to the high byte of the OCR to inhibit further 
compares until the low byte is written, 

2) Read the timer status register to arm the OCF if 
it is already set, and 

3) Write to the low byte of the OCR to enable the 
output compare function with the flag clear. 

This procedure is advantageous because it prevents 
the OCF bit from being set between the time OCF is read 
and OCR is written. A software example is as follows: 
B7 16 STA OCMPHI Inhibit Output Compare 
B6 13 LDA TSTAT Arm OCF Bit If Set 
BF 17 STX OCMPLD Ready for Next Compare 

COUNTER 

The key element in the programmable timer is a 16-bit 
free-running counter, or counter register, preceded by a 
prescaler which divides the internal procesor clock by 
four. The prescaler gives the timer a resolution of 2.0 
microseconds if the internal processor clock is 2.0 meg- 
ahertz. The counter is clocked to increasing values during 
the low portion of the internal processor clock. Software 
can read the counter at any time without affecting the 
value. 

The double-byte free-running counter can be read from 
either the two locations $18— $1 9 (called counter register 
at this location), or $1A-$1B (counter alternate register 
at this location). A read from only the LSB of the free- 
running counter ($19, $1B) will receive the count value 
at the time of the read. If a read of the free-running counter 
or counter alternate register first addresses the MSB ($18, 
$1 A), then the read causes the LSB ($19, $1 B) to be trans- 
ferred to a buffer. This buffer value remains fixed after 
the first MSB read, even if the user reads the MSB several 
times. This buffer is accessed when reading the free- 
running counter or counter alternate register LSB ($19 or 
$1B). This access completes a read sequence of the total 
counter value. If either the free-running counter or counter 
alternate register MSB is read, the LSB must also be read 
in order to complete the sequence. 

The free-running counter is configured to $FFF9 during 
reset and is always a read-only register. Because the free- 
running counter is 16 bits preceded by a fixed divide-by- 
four prescaler, the value in the free-running counter re- 
peats every 262,144 processor internal clock cycles. When 
the counter rolls over from $FFFF to $0000, TOF is set. 
An interrupt can also be enabled when counter rollover 
occurs by setting TOIE. 



INSTRUCTION SET 

The CPU of the MC68HC99 HDC is an MC68HC11 mi- 
croprocessor. In addition to its ability to execute all 
MC6800 and MC6801 instructions, the HDC has an op- 
code map with a total of 91 new opcodes. Major func- 
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2 
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PSHB 3 
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3 
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,1 
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ASLA 


ASLB 2 


(31 6 

ASL 

2 171 


6 

ASL 

3 


EORA 7 

2 


EORA 


13) 4 

EORA 


EORA 
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8 
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2 
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2 
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3 
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2 
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3 


9 
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3 
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2 
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. ABX(Y) 
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' 3I DEC 6 

2 (71 
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3 
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2 


ORAA 3 

2 


(31 4 

ORAA 

2 151 
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3 


2 

ORAB 

2 


3 

ORAB 

2 
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3 


A 


B 

1011 


SEV 2 


2 
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3 

BMI 

2 


12 

RTI 










ADDA 2 

2 


ADDA 3 

2 


131 4 
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2 151 
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3 


2 

ADDB 

2 


ADDB 3 

2 
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3 


B 


c 

1100 


; 
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' ' BSET 

3 181 


BGE 3 

2 


PSHXIYI 


2 
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2 

INCB 


131 6 

INC 

2 171 


6 

INC 

3 


' ' CPXIYI 4 

3 b 


131 5 

cpxm 

2 (6) 


131 . 6 

2 cpxm 17l 


14) 6 

CPXIYI 

3 (71 


3 

LDD 
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3 


C 


D 
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2 
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141 7 

BCLR 

3 18) 


BLT 3 


10 

MUL 
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TSTB 


(31 6 

TST 
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2 
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Immediate 

Extended 
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CPD 


3 


: 3 
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3 


T3 


3 


6 




3 


R3 


4 


7 




3 


A3 


3 


7 




4 


A3 


3 


7 


CPY 


3 


tz 


3 


7 


CPX 


4 


AC 


3 


7 


LDY 


3 


EE 


3 


6 


LDX 


4 


EE 


3 


6 
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3 


EF 


3 


6 


STX 


4 


EF 


3 
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MC68HC99 



tional additions include a second 16-bit index register, 
two types of 16-by-16 divide instructions, bit manipula- 
tion instructions, and a WAIT instruction. 



ADDRESSING MODES 

Six addressing modes can be used to reference mem- 
ory. Some instructions require an additional byte before 
the opcode to accomodate a multipage opcode map. This 
byte is called a prebyte. The following paragraphs pro- 
vide a description of each addressing mode plus a dis- 
cussion of the prebyte. In these descriptions, the term 
"effective address" is used to indicate the address in 
memory from which the argument is fetched or stored 
or from which execution proceeds. 

IMMEDIATE ADDRESSING 

In the immediate addressing mode, the actual argu- 
ment is contained in byte(s) immediately following the 
instruction, where the number of bytes matches the size 
of the register. If prebyte is required, then these are two- 
, three-, or four-byte instructions. 

DIRECT ADDRESSING 

In the direct addressing mode, the LSB of operand ad- 
dress is contained in a single byte following the opcode, 
and the MSB is assumed to be $00. Direct addressing 
allows the user to access $0000 through $00FF using two- 
byte instructions, and execution time is reduced by elim- 
inating the additional memory access. In most applica- 
tions, this 256-byte area is reserved for frequently 
referenced data. In the HDC, the first 192 bytes of the 
internal RAM and registers are fixed in page zero of mem- 
ory, with the exception of the bytes at $0000 through 
$0003 for the parallel ports. These bytes can be either 
internal or external depending on the operating mode. 

EXTENDED ADDRESSING 

In the extended addressing mode, the second and third 
bytes following the opcode contain the absolute address 



of the operand. If prebyte is required, then these are three- 
or four-byte instructions. One or two bytes are required 
for the opcode and two bytes for the effective address. 

INDEXED ADDRESSING 

In the indexed addressing mode, one index register (X 
or Y) is used in calculating the effective address. In this 
case, the effective address is variable and depends on 
two factors: 

1) Current contents of the index register (X or Y) 
being used and 

2) The 8-bit unsigned offset contained in the instruc- 
tion. 

This addressing mode allows referencing any memory 
location in the 64K byte address space. If prebyte is re- 
quired, then these are usually two- or three-byte instruc- 
tions, to accomodate the opcode plus an 8-bit offset. 

INHERENT ADDRESSING 

In the inherent addressing mode, all information to 
execute an instruction is contained in the opcode. Op- 
erands, if any, are registers, and no memory reference is 
required. These are usually one- ortwo-byte instructions. 

RELATIVE ADDRESSING 

The relative addressing mode is used for branch in- 
structions. If the branch condition is true, the contents of 
the eight-bit signed byte following the opcode, the offset, 
is added to the contents of the PC to form the effective 
branch address. Otherwise, control proceeds to the next 
instruction. These are usually two-byte instructions. 

PREBYTE 

In order to expand the number of instructions available 
in the HDC, a prebyte instruction is used with certain 
instructions. The instructions affected are usually asso- 
ciated with the index register Y. Opcode instructions which 
do not require a prebyte could be considered as page 1 
of the overall opcode map. The remaining opcodes could 
be considered as pages 2, 3, and 4 of the opcode map 
and would require a prebyte: $18 for page 2, $1A for 
page 3, and $CD for page 4. 
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ELECTRICAL SPECIFICATIONS 



MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


V D D 


-0.3 to +7.0 


V 


Input Voltage 


Vin 


-0.3 to Vqd +0.5 


V 


Operating Temperature Range 


T A 


0to70 


°c 


Storage Temperature Range 


T stg 


-55 to +150 


°c 


Current Drain per pin* 
Excluding Vqq, v SS 


ID 


25 


mA 


*One pin at a time, observing maximum power dissipation limits. 
THERMAL CHARACTERISTICS 


Characteristic 


Symbol 


Value 


Unit 


Thermal Resistance 
PLCC 


ejA 


50 


x/w 




POWER CONSIDERATIONS 

The average chip-junction temperature, Tj, in °C can 
be obtained from: 

Tj = T A + (PD-ej A > ™ 



This device contains circuitry to protect the in- 
puts against damage due to high static voltages 
or electric fields; however, it is advised that nor- 
mal precautions be taken to avoid application of 
any voltage higher than maximum-rated voltages 
to this high-impedance circuit. For proper oper- 
ation, it is recommended that Vj n and V ou t be 
constrained to the range Vss « (Vj n or V ou t) *= 
Vdd. Reliability of operation is enhanced if un- 
used inputs are connected to an appropriate logic 
voltage level (e.g., either Vss or Vdd)- 



where: 




T A 


= Ambient Temperature, °C 


0JA 


= Package Thermal Resistance, 


Junction-to-Ambient, °C/W 


PD 


= P|NT+P|/0 


p INT 


= lcc xV CC' Watts — Chip l nterna ' Power 


P|/0 


= Power Dissipation on Input and Output 



Pins — User Determined 



For most applications P|/o < P|NT an0 - can De neglected. 

The following is an approximate relationship between 
Pq and Tj (if P|/q is neglected): 

P D = K-(Tj + 273°C) (2) 

Solving equations (1) and (2) for K gives: 

K = P D -(T A + 273°C) + 9j A -P D 2 (3) 
where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring Pq 
(at equilibrium) for a known T A . Using this value of K, 
the values of Pq and Tj can be obtained by solving equa- 
tions (1) and (2) iteratively for any value of T A . 



DC ELECTRICAL CHARACTERISTICS (V DD = 5.0 Vdc±5%; Vss = 0 Vdc; T A = 0°C to 70°C) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Supply Voltage Range 


vdd 


4.75 


5.25 


V 


Output High Voltage 
lLoad = 0.8 mA 


Voh 


2.4 




V 


Output Low Voltage 

SELOUT, BSYOUT, I/O/OUT, CMD, MSG, ARB/SDBEN, REQ, AMEN, WRCLK, NRZ 

l|_oad = 1-6 mA 

All Other Outputs 

'Load = 3.7 mA 


vol 
vol 




0.4 
0.4 


V 
V 


Input High Voltage 


V|H 




2.0 


V 


Input Low Voltage 


V|L 


0.8 




V 


Three-State Leakage 
Vj n =V|H or V|L (0.0-5.25 V) 


ioz 




±10 


IxA 


Input Leakage Current 


■in 




±1 


u.A 


Input Capacitance 


C|N 




15 


pF 


Power Dissipation 


PD 




TBD 


mW 


Total Current Supply 
CPU Only 
CPU In Wait Mode 
Everything Running 


C|DD 
W|DD 
RlDD 


TBD 
TBD 
TBD 


TBD 
TBD 
TBD 


V 
V 
V 



NOTES: 

1 . No DC loads, V||_ = 0.0 V, V|h = 5.0 V, CLK = 1 0 MHz 

2. REFCLK = 0.0 V, serial port and buffer are not active, buffer is refreshing DRAMs. 

3. REFCLK = 25 MHz 
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EXPANSION BUS TIMING (see Figure 10) 



Num 


Characteristic 


Formula 


Symbol 


Min 


Max 


Unit 




Frequency of Operation (E Clock Frequency) 




fo 


2.5 


2.5 


MHz 


1 


Cycle Time 




'eye 


400 


— 


ns 


2 


Pulse Width, E Low 


1/2 t cyc -32 


PW EL 


168 


— 


ns 


3 


Pulse Width, E High 


1/2 t cyc -24 


PW E H 


176 


_ 


ns 


4 


E and AS Rise and Fall Time 




tr. tf 


_ 


15 


ns 


9 


Address Hold Time 


1/8t cvc -25 


(a) 


'AH 


2 5 


— 


ns 


12 


Non-Muxed Address Valid Time to E Rise 


PW E L-(tASD + 78) 


(b) 


tAV 


60 


— 


ns 


17 


Read Data Setup Time 




tDSR 


50 


— 


ns 


18 


Read Data Hold Time 


Max = tMAD 


tDHR 


10 


60 


ns 


19 


Write Data Delay Time 


1/8 t cyc + 70 


(a) 


l DDW 


— 


120 


ns 


21 


Write Data Hold Time 


1/8 t cyc -30 


(a) 


l DHW 


20 


— 


ns 


22 


Muxed Address Valid Time to E Rise 


PW EL -(t A SD + 78) 


(b) 


l AVM 


60 


— 


ns 


24 


Muxed Address Valid Time to AS Fall 


1/8 t cyc -35 


(a) 


tASL 


15 




ns 


25 


Muxed Address Hold Time 


1/8t cvc -25 


(b) 


tHL 


25 




ns 


26 


Delay Time, E to AS Rise 


1/8 t cyc -20 


(a) 


tASD 


30 




ns 


27 


Pulse Width, AS High 


1/4t cyc -25 


pwash 


75 




ns 


28 


Delay Time, AS to E Rise 


1/8t cyc -20 


(b) 


tASED 


30 




ns 


29 


MPU Address Access Time 


tAVM + t r + PWEH-tDSR 


(b) 


tACCA 


201 




ns 


35 


MPU Access Time 


PW EH -t DS R 


tACCE 




126 


ns 


36 


Muxed Address Delay (Previous Cycle MPU Read) 


tASD + 30 


(a) 


l MAD 


60 




ns 



NOTE: 

Input clocks with duty cycles other than 50% affect bus performance. Timing parameters affected by the input clock duty cycle are 
identified by (a) and (b). To recalculate the approximate bus timing values, substitute the following expressions for 1 8 t cyc in the 
formulas the expansion bus timing table where applicable. 

(a) (1-DC)x1/4t cyc 

(b) DC x 1/4 t cyc 
where: 

DC is the decimal value of the duty cycle percentage, (high time) 
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Figure 10. Expansion Bus Timing Diagram 
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SCSI SELECTION AND RESELECTION TIMING (see Figures 11 and 12) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Selection Phase Detect Time 


*SPD 


1 


1.25 


tcyc 


Bus Settle Delay (BSYIN and SELIN Negated) 


tBSTD 


tcyc 




ns 


Bus Free Delay 


tBFD 


2 t cvc 




ns 


Bus Set Delay 


*BSD 


1/2 


2.0 


tcyc 


Bus Clear Delay (ARB/SDBEN, BSYOUT Negated) 


'BCD 


0 


1.5 t C y C 


ns 




SELIN 
BSYIN 



BSYOUT 



ARB/SDBEN 



~A 



/ 






///////////////// 


/////////// 


//////// 


1BSTD 1 '6FD + IBSD 




'BCD 
► 

















NOTE: 

The assertion of SELIN during the arbitration phase will asynchronously terminate the arbi- 
tration phase and cause the HDC to negate BSYOUT and ARB/SDBEN. The assertion of SELOUT 
terminates the arbitration phase. 

Figure 11. SCSI Arbitration Timing Diagram 



SELIN 
BSYIN 

I0 1 N 



J 



tSPD 



V 



r 
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Figure 12. HDC SCSI Selection Phase Timing Diagram 
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HOST INTERFACE TRANSFER TIMING (see Figures 13 and 14) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Request asserted to ACK Asserted 


tRAAA 


0 




ns 


ACK Asserted to REQ Negated (Note 1) 


tAARN 


0 


1/8 t C y C 


ns 


REQ Negated to ACK Negated 


tRNAN 


0 




ns 


ACK Negated to REQ Asserted (Note 2) 


tANRA 


1/2 


1.5 


tcyc 


Data Valid to REQ Asserted (Transmit) 


tDVR 


55 




ns 


Data Hold from ACK Asserted (Transmit) 


tDHAA 


0 




ns 


Data Valid to ACK Asserted (Receive) 


tDVAA 


55 




ns 


REQ Negated to Data Invalid (Hold Time, Receive) 


tRNDI 


0 




ns 



NOTES: 

1. See note (a) in EXPANSION BUS TIMING table. 

2. Both edges of ACK can affect the host transfer speed. Slow ACK timing causes the transfer speed to be degraded in integer 
multiples of t C y C . 



REQ 



ACK 



J 



tRAAA 
< *■ 



J 



tDVAA 



tAARN 



tANRA 
< *■ 



SDB0-7,P VALID DATA VJ7 /////// / 



tRNDI 



f 




Figure 13. HDC SCSI Receive Timing Diagram 
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ACK 



SDB0-7.P 



J 



tDVR 
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tRNAN tANRA 
t *+* *- 



tDHAA 



X ZZ ZZ X. 



f 



Figure 14. HDC SCSI Transmit Timing Diagram 
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DISK READ/WRITE TIMING (see Figures 15 and 16) 



Parameter 


Symbol 


10 MHz 


16 MHz 


25 MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


REFCLK Period 


tRFCP 


100 


4000 


62 


4000 


40 


4000 


ns 


REFCLK Pulse Width 
(50 ±9.2% Duty Cycle) 


PWrcl 


41 


59 


25 


37 


16 


24 


ns 


REFCLK Rise/Fall Time 


tRCRF 




10 




10 




10 


ns 


NRZ Read Data Setup Time 
(20 ns for TRFCP =s 100 ns, else 13 ns) 


tRDS 


20 




13 




13 




ns 


NRZ Read Data Hold Time 
(20 ns for TRFCP =£ 100 ns, else 13 ns) 


tRDH 


20 


— 


13 


— 


13 


— 


ns 


ST-506 AMF Setup Time 
(20 ns for TRFCP =s 100 ns, else 13 ns) 


tAMFS 


20 


— 


13 


— 


13 


— 


ns 


WRCLK Pulse Width 
(50 ±18.8% Duty Cycle) 


PWwcl 


31 


69 


19 


43 


12 


28 


ns 


NRZ Write Data Setup Time 
(14 ns for TRFCP =s 100 ns, else 8 ns) 


*WDS 


14 




8 




8 




ns 


NRZ Write Data Hold Time 
(14 ns for TRFCP =s 100 ns, else 8 ns) 


tWDH 


14 




8 




8 




ns 


ST-506 AMEN Setup Time 
(14 ns for TRFCP s 100 ns, else 8 ns) 


tAMES 


14 




8 




8 




ns 


ST-506 AMEN Hold Time 
(14 ns for TRFCP =s 100 ns, else 8 ns) 


<AMEF 


14 




8 




8 




ns 



REFCLK 



WRCLK 



NRZ 



AMEN 



"V 



tWDS 



tAMES 

(ST-506 TIMING ONLY) 



/ 



tRFCP 



f 



J 



< 



tWDH 



"M 



PWrcl 



pw WCL 



J 



\ 



tAMEH 

(ST-506 TIMING ONLY) 



Figure 15. Disk Read Timing Diagram 



REFCLK 



NRZ 



AMF 



IRFCP 



<R0S 



DATA VALID 



■ tRCAF 

If 



/ 



tRCRF 



tAMFS (ST-506 TIMING ONLY) 



Figure 16. Disk Write Timing Diagram 
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MC68HC99 



SPECIAL TIMING (see Figures 17 and 18) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Reset Low Input Pulse Width 


PWrst 


4 




tcyc 


Mode/Parity/Unit Programming Setup 


imps 


2 




tcyc 


Mode/Parity/Unit Programming Hold 


tMPH 


0 


1 


l cyc 


Timer Input Capture PW (Single-Chip Mode) 


pw-tim 


200 




ns 



v L 2555D: J _ 

RESET M / 



'MPS 'MPH 
-* *- \< — *~ 

SCSI DB0-2.P / \_ 
MODE 1,2 ~\ / 



Figure 17. Reset Timing Diagram 



pwtim 



PB6/t C AP 



PWjim 



r 



Figure 18. Input Capture Timing Diagram 
(Single-Chip Mode) 
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MC68HC99 



PORT READ AND WRITE TIMING (see Figures 19 and 20) 



Parameter 


Symbol 


Min 


Max 


Unit 


Delay Time, Peripheral Data Write 


tpWD 




75 


ns 


Peripheral Read Data Setup Time 










ns 


PB0-PB7, PC0-PC7 




tpDSin 


50 






SDB0-SDB7, P 




tPDSU2 


0 






SCSI Inputs 




tPDSU3 


125 






Peripheral Read Data Hold Time 










ns 


PB0-PB7, PC0-PC7 




tPDH1 


25 






SDB0-SDB7, P 




tPDH2 


0 






SCSI Inputs 




tPDH3 


125 







HDC WRITE TO PORT 



-H l PWD 



PORTS 



PREVIOUS PORT OATA 



MS 



NEW DATA VALID 



(PBO-7. PCO-7, SDBO-7, SELOUT, BSYOUT, I/O OUT, CMD, MSG, ARB/SDBEN) 

Figure 19. Port Write Timing Diagram 



PBO-7, 
PCO-7 



SDD0-7.P 



ATN/M0DE1, 
I/0JN/M0DE2, 
BSYIN, SELIN 



tPDSU3 

4 



HDC READ OF PORT 



tPDSUl 



tPDSU2 



tPDHI 



3 



<— >^tPDH2 



tPDH3 



IB- 



f 



Figure 20. Port Read Timing Diagram 
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ORDERING INFORMATION 

The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo- 
torola using the following media: 
MDOS, disk file 
MS-DOS disk file (360K) 
EPROM(s) 2516, 2716, 2532, 2732 
To initiate a ROM pattern for the MCU, it is necessary 
to first contact the local field service office, sales person, 
or a Motorola representative. 

FLEXIBLE DISKS 

Several types of flexible disks (MDOS® or MS®-DOS 
disk file) may be submitted for pattern generation. Disk 
should be programmed with the customer's program, 
using positive logic sense for address and data. The dis- 
kette should be clearly labeled with the customer's name, 
date, project or product name, and the filename contain- 
ing the pattern. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 

MDOS Disk File 

MDOS is Motorola's Disk Operating System available 
on the EXORciser® development system. The disk media 
submitted must be a single-sided, single-density, 8-inch 
MDOS compatible floppy diskette. The diskette must con- 
tain the minimum set of MDOS system files in addition 
to the pattern file. 

The .LO output of the M68HC1 1 cross assembler should 
be furnished. In addition, the file must be produced using 
the ROLLOUT command, so that it contains the absolute 
image of the M68HC99 memory. It is necessary to include 
the entire memory image of both program and data space. 
All unused bytes, including those in the user space, must 
be set to logic zero. 

MS-DOS Disk File 

MS-DOS is Microsoft's Disk Operating System. Disk 
media submitted must be a standard density (360K), dou- 
ble-sided 5-1/4 inch compatible floppy diskette. The dis- 
kette must contain the object file code in Motorola's S- 
record format. The S-record format is a character-based 
object file format generated by cross assemblers and link- 
ers on IBM PC style machines. 

To contain the entire MC68HC99 program, 12K bytes 
of EPROM are necessary. Six 2516 or 2716 type EPROMs 



or three 2532 or 2732 type EPROMs can be submitted for 
pattern generation. The EPROM is programmed with the 
customer's program using positive logic sense for ad- 
dress and data. Submissions on two EPROMs must be 
clearly marked. All unused bytes, including the user's 
space, must be set to zero. 

If the MC68HC99 HDC ROM pattern is submitted on 
three 2532 or 2732 EPROMs, or on six 2516 or 2716 type 
EPROMs, memory map addressing is one-for-one. The 
data space ROM runs from EPROM address $018 to $05F, 
and program space ROM runs from EPROM address $960 
to $FF7, with vectors from $FFC to $FFF. 

For shipment to Motorola, EPROMs should be placed 
in a conductive IC carrier and packed securely. Styrofoam 
is not acceptable for shipment. 

Verification Media 

All original pattern media, EPROMs or floppy disks, are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked, and the verification form 
completed, signed, and returned to Motorola. The signed 
verification form constitutes the contractual agreement 
for the creation of the customer mask. To aid in the ver- 
ification process. Motorola will program customer sup- 
plied blank EPROM(s) or DOS disks from the data file 
used to create the custom mask. 

ROM Verification Units (RVUs) 

Ten MCUs containing the customer's ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask but are for the pur- 
pose of ROM verification only. For expediency, the MCUs 
are unmarked, packaged in ceramic, and tested with five 
volts at room temperature. These RVUs are free with the 
minimum order quantity, but are not production parts. 
These RVUs are not guaranteed by Motorola Quality As- 
surance. 

Ordering Information 

The following table provides generic information per- 
taining to the package type, temperature, and order num- 
bers for the MC68HC99. 



Package Type 


Temperature 


Order Number 


PLCC 
FN Suffix 


0°C to 70°C 
-40°Cto +85°C 


MC68HC99FN 
MC68HC99CFN 



MDOS is a trademark of Motorola Inc. 

MS is a trademark of Microsoft, Inc. 

EXORciser is a registered trademark of Motorola Inc. 

IBM is a registered trademark of International Business Machines Corporation. 
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PIN ASSIGNMENT 



co r*. O. 
CO CO CO 



GO < CC > 



Ul » _ 

oo m 



nnnnnnnnnnnnn 



6 5 4 3 2 I 52 51 50 49 48 47 



SDB4 
SDB3 
SDB2 
SDB1 
SDBO 
SELOUT 
BSYOUT 
I/O OUT 
CMD 
MSG 
ARB/SDBEN 
WRT GATE 
REF CLK 



C 8 
C 9 



d 13 

14 



MC68HC99 



S2-LEAD PLCC 



2 ) 22 23 24 25 26 27 28 29 30 31 32 33 

uuuuuuuuuuuuu 



E 

CLK 
RST 
PC7 
PC6 
PCS 
D PC4 



46 
45 
44 
43 
42 
41 
40 

39 3 PC3 
38 3 PC2 
3 PCI 
36 3 PCO 
35 3 PB7/TCMP 
34 3 PB6/TCAP 



CO CO CO co 
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MECHANICAL DATA 



This chapter contains the package availability, at the time of printing for each device as listed in 
Table 4-1 Package Cross-Reference List. Due to technology advances and customer requirements, 
case numbers may change from this listing. If more information is needed on packaging and 
dimensions, contact your local sales representative. 

Table 4-1. Case Number Cross Reference Table 





Plactif (PI 
rlaSXIC \rl 






MP9R79 


711 -03 


* 




MP9R74 


71 1-03 


# 


* 


MPRRnn 


71 1 m 
/ I i-uo 


734-04 


* 


MPRRCI1 


71 1 


734-04 


* 


MPRRfM 1 14 


71 1-03 


734-04 


* 




71 1 m 


734-04 






71 1-03 


734-04 


* 




71 1-03 


734-04 


; 


MPRRDA 11 


738-03 








738-03 






mprrcmp9 


71 n n9 




77R 09 


MPRRn^P9 


710-02 




776-02 


IVipRRnKPR 

IVlLfUOUur O 


71 0-02 


/ JJn U 1 


776-02 


MPRRn^R9 


71 i.m 


734-04 


777-02 


MPRRn^RT 


71 1-IT3 


7^d fiA 


777 D9 


MC6805S2 


710-02 


* 


* 


MC6805S3 


710-02 






MC6805U2 


711-03 


734-04 


777-02 


MC6805U3 


711-03 


734-04 


777-02 


MC6809 


711-03 


734-04 


# 


MC6809E 


711-03 


734-04 


# 


MC6810 


709-02 


623-05 


* 


MC6821 


711-03 


734-04 




MC6840 


710-02 


733-04 


* 


MC6844 


711-03 


734-04 


* 


MC6845 


711-03 


734-04 


* 


MC6850 


709-02 


623-05 


* 


MC6852 


709-02 


623-05 


* 


MC6854 


710-02 


733-04 


* 


MC6898 


# 


* 


778-02 


MC68488 


711-03 


734-04 


* 


MC68701 


* 


734A-01 


* 


MC68701U4 


* 


734A-01 


* 


MC68704P2 


# 


733A-01 


* 


MC68705P3 


* 


733A-01 


* 



□ 



*Not avilable in this package. 
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Plactir fPI 


Porrlin /Ql 

LrClUip (O/ 


pi cr IFMl 


MPfiR7flRPR 


♦ 


7*5"5A-ft1 




MPfiR7flRR^ 


71 1-03 


734-04 


777-02 


MPfifl7fiRRR 


711-03 


734-04 


777-02 


IVIUUO/UJOO 




733-04 


* 




* 


734-04 


* 


MPfifl7flRl ic 
IVI^DO/UDUD 


# 




* 


MPfiRHpna 


738-03 


* 


# 


ivii_*uorT^u*-KJo 


738-03 


# 




MPfiRHPfMP*3 


710-02 


; 




i v i Lf d o n r ** 


71 ft ftO 


* 




MPfiRHPn^Afi 


711 -03 


* 


777-02 


MPfiRHPDRRd 


767-02 


* 


778-02 


MPfiRHPORRG 


767-02 


* 


778-02 


MPfiRHPORP? 


71 1-03 


* 


777-02 


MPfiRHPORP'} 


71 1 -03 


* 


777-02 


MPfiRHPP.RP4 


71 1-03 


* 


777-02 


MPfiRHPflRPR 


71 1-03 


* 


777-02 


MPfiRHPfiRI fi 


* 


* 


779-02 


MPfiRHPORMd 






778-02 


MPfiRHPI 1 AO 


767-02 




778-02 


MPfiRHPI 1 A1 


767-02 




778-02 


MPfiRHPI 1 AR 


767-02 


# 


778-02 


MPfiRHPI im 


767-02 




778-02 


MPfiRHPI 1FQ 


767-02 


* 


778-02 


MPRRHP94 


711 .m 






MPfiRHP?4 




734-04 


777A-01 


MPfiflHPQQ 




# 


778-02 


MPRRHP704P4 


* 


/ Wtt U 1 


* 


MPfiflHP7flRRR 


767-02 


740-03 


778-02 


MPfiRHP7fiRPR 


71 1-03 


734-04 


777-02 


MPfiflHPRORPd 


71 1-03 




777-02 


MPfiRHPRORRfi 


* 


# 


778-02 


MC68HC81 1E2 


71 1-03 


* 


778-02 


MPfiRHPI O^CA 


71 1-03 


* 


777-02 


MPfiRHPI flRPfl 


71 1-03 


* 


777-02 


MPfiflH^PORPA 


71 1-03 




777-02 


MC68HSC05C8 


711-03 


* 


777-02 


MC146805E2 


710-02 




777-02 


MC146805F2 


710-02 


733A-01 


776-02 


MC146805G2 


711-03 


* 


777-02 


MC146818 


709-02 






MC146818A 


709-02 


* 


776-02 


MC146823 


711-03 


* 


777-02 



*Not avilable in this package. 
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20-PIN PACKAGE 



PLASTIC DIP 

Case 738-03 





NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

3. DIMENSION "L" TO CENTER OF LEAD WHEN 
FORMED PARALLEL. 

4. DIMENSION "B" DOES NOT INCLUDE MOLD 
FLASH. 



DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


25.66 


27.17 


1.010 


1 070 


B 


6.10 


6.60 


0.240 


0 260 


C 


3.81 


4 57 


0.150 


0.180 


D 


0.39 


0 55 


0.015 


0.022 


E 


1.27 BSC 


0.050 BSC 


F 


1.27 1 1.77 


0050 i 0.070 


G 


2.54 BSC 


0.100 BSC 


J 


0.21 


0.38 


0.008 


0015 


K 


2.80 


3 55 


0.110 


0.140 


L 


7.62 BSC 


0.300 BSC 


M 


0° 


15° 


0° 


15° 


N 


0.51 


1.01 


0.020 


0.040 
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PLASTIC DIP 

Case 709-02 




PLANE 



CERAMIC PACKAGE 

Case 623-05 




nnnnnnnnr-innn 


24 13 

) 

1 12 


B 


uuuuuuuuuuuu 




A 




NOTES: 

1. POSITIONAL TOLERANCE OF LEADS (D), 
SHALL BE WITHIN 0.25 mm (0.010) AT 
MAXIMUM MATERIAL CONDITION, IN 
RELATION TO SEATING PLANE AND 
EACH OTHER. 

2. DIMENSION LTO CENTER OF LEADS 
WHEN FORMED PARALLEL. 

3. DIMENSION B DOES NOT INCLUDE MOLD 
FLASH. 



DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


31.37 


32.13 


1.235 


1.265 


B 


13.72 


14.22 


0.540 


0.560 


C 


3.94 


5.08 


0.155 


0.200 


D 


0.36 


0.56 


0.014 


0.022 


F 


1.02 


1.52 


0.040 


0.060 


G 


2.54 BSC 


0.100 


BSC 


H 


1.65 


2.03 


0.065 


0.080 


J 


0.20 


0.38 


0.008 


0.015 


K 


2.92 


3.43 


0.115 


0.135 


L 


15.24 BSC 


0.600 BSC 


M 


0° 


15° 


0" 


15° 


N 


0.51 


1.02 


0.020 


0.040 



NOTES: 

1. DIM "L"TO CEfJTER OF 
LEADS WHEN FORMED 
PARALLEL. 

2. LEADS WITHIN 0.13 mm 
(0.005) RADIUS OF TRUE 
POSITION ATSEATING PLANE 
AT MAXIMUM MATERIAL 
CONDITION. (WHEN FORMED 
PARALLEL). 



DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


31.24 


32.77 


1.230 


1.290 


B 


12.70 


15.49 


0.500 


0.610 


C 


4.06 


5.59 


0.160 


0.220 


D 


0.41 


0.51 


0.016 


0.020 


F 


1.27 


1.52 


0.050 


0.060 


G 


2.54 BSC 


0.100 BSC 


J 


0.20 


0.30H 


0.008 


0.012 


K 


3.18 


4.06 


0.125 


0.160 


L 


15.24 BSC 


0.600 BSC 


M 


0° 


15" 


0° 


15° 


N 


0.51 


1.27 


0.020 


0.050 
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PLASTIC PACKAGE 

Case 710-02 




28 15 

) 

P 


t 

B 

1 






A _ 




mm 









NOTES: 

1. POSITIONAL TOLERANCE OF LEADS (D), SHALL BE 
WITHIN 0.25mm(0.010) AT MAXIMUM MATERIAL 
CONDITION, IN RELATION TO SEATING PLANE 
AND EACH OTHER. 

2. DIMENSION L TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 

3. DIMENSION B DOES NOT INCLUDE MOLD FLASH. 



DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


36.45 


37.21 


1.435 


1.465 


B 


13.72 


14.22 


0.540 


0.560 


C 


3.94 


5.08 


0.155 


0.200 


D 


0.36 


0.56 


0.014 


0.022 


F 


1.02 


1.52 


0 040 


0.060 


G 


2.54 BSC 


0.100 BSC 


H 


165 


2.16 


0 065 


0 085 


J 


0.20 


0.38 


0.008 


0.015 


K 


2.92 


3.43 


0.115 


0.135 


L 


15.24 BSC 


0.600 BSC 


M 


0° 


15° 


0° 


15° 


N 


0.51 


1.02 


0.020 


0.040 



CERAMIC PACKAGE 

Case 733-04 





28 



15 



14 



A ► 






wmm 








UUUUU t { 


: 1=1=1 



NOTES: 

1. DIM HaH IS DATUM. 

2. POSITIONAL TOL FOR LEADS: 
|~f| » 0.25 (0.010) ©|T I A~®| 

3. [T] IS SEATING PLANE. 

4. DIM A AND B INCLUDES MENISCUS. 

5. DIM -L- TO CENTER OF LEADS WHEN FORMED 
PARALLEL. 

6. DIMENSIONING & TOLERANCING PER Y14.5, 1982. 

7. CONTROLLING DIM: INCH. 



DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


36.45 


37.84 


1.435 


1.490 


B 


12.70 


15.36 


0.500 


0.605 


C 


4.06 


5.84 


0.160 


0.230 


D 


0.38 


0.55 


0.015 


0.022 


F 


1.27 


1.65 


0.050 


0.065 


G 


2.54 BSC 


0.100 BSC 


J 


0.20 


0.30 


0.008 


0.012 


K 


3.18 


406 


0.125 


0.160 


L 


15.24 BSC 


0.600 BSC 


M 


0° 


15° 


0° 


15° 


N 


0.51 


1.27 


0020 


0.050 
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CERAMIC PACKAGE 

Case 733A-01 



i"ir f Sr"if'Sr"ir''ii" l r"n fl ii"ii»ii n i l ^i n l 



o 



14 



■ A ■ 




H | \g\— 




A" 



-f \ 





NOTES: 

1. DIMENSION "A" IS A DATUM. T IS BOTH A DATUM 
AND A SEATING PLANE. 

2. POSITIONAL TOLERANCE FOR LEAD S: (28 PLACES) 
I +\ 4>0.25 (0.010)® | T| A ®| 

3. DIMENSIONS "A" & B INCLUDE MENISCUS. 

4. DIMENSION L TO CENTER OF LEADS WHEN FORMED 
PARALLEL. 

5. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

6. CONTROLLING DIMENSION' INCH. 



DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


36.45 


37.84 


1.435 


1.490 


B 


12.70 


1536 


0.500 


0.605 


C 


4.06 


609 


0.160 


0.240 


D 


0.38 


0.55 


0.015 


0.022 


F 


1.27 


1.65 


0.050 


0.065 


G 


2.54 BSC 


0.100 BSC 


J 


0.20 


0.30 


0.008 


0.012 


K 


3.17 


4.06 


0,125 


0.160 


L 


15.24 BSC 


0 600 BSC 


M 


0° 


15° 


0° 


15° 


N 


0.51 


1.27 


0.020 


0.050 
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28-PIN PACKAGE (Concluded) 



PLCC PACKAGE 

Case 776-02 



Y BRK 



n n n n n 



28 

D LEADS 
L ACTUAL 

c 



(NOTE 



UJ-J uu u 

1)28-^|Nl 



h- 1 



-B | -»[ 01810 007)® |T| N(D-P®[ L®-M©| 

f— U |4| 018(0007) ® | T | N®-P®| L©-M©| 
NOTE 1 





|4| 0 18 (0 0071 ® 


|t| l®-m©| n©-p© 




1-0-1 018 (0 007) ® 


|t| l©-m©| n©-p©| 



| + | 02510010)® |t| n©-p©| l©-m©] 



p-HS 
Lj GlP 



'10 004) I 




4 


0.18 (0 007) ® 


T 


L©-M© 


N©-P© 


t 


018 (0007) ® 


T 


N©-P© 


L©-M© 





0 18(0007) ® 


T 


L©-M© 


N©-P© 


4 


0.18 (0 007) ® 


T 


N©-P© 


L©-M© 



+| 0.25 [00101© | T | L©-M©| N®-P©[ 



DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


12 32 


12 57 


0 485 


0495 


B 


12 32 


12 57 


0 485 


0495 


C 


4 20 


457 


0.165 


0180 


E 


2.29 


279 


0090 


0110 


F 


033 


048 


0013 


0 019 


G 


1 27 BSC 


0 050 BSC 


H 


066 


081 


0026 


0032 


J 


0 51 




0020 




K 


064 




0 025 




R 


1143 


11.58 


0450 


0456 


U 


1143 


1158 


0450 


0466 


V 


107 


121 


0.042 


0 048 


W 


1.07 


121 


0 042 


0 048 


X 


107 


142 


0 042 


0056 


Y 




050 




0020 


z 


2° 


10° 


2° 


10° 


G1 


1042 


1092 


0.410 


0430 


K1 


102 




0040 




Z1 


2' 


10° 


2° 


10° 



NOTES 

1. DUE TO SPACE LIMITATION, CASE 
776-02 SHALL BE REPRESENTED BY A 
GENERAL (SMALLER) CASE OUTLINE 
DRAWING RATHER THAN SHOWING 
ALL 28 LEADS. 

2. DATUMS L-, -M-, -N-, AND -P- DETERMINED 
WHERE TOP OF LEAD SHOULDER EXIT PLASTIC 
BODY AT MOLD PARTING LINE 

3. DIM G1, TRUE POSITION TO BE MEASURED AT 
DATUM -T-, SEATING PLANE 

4 DIM R AND U DO NOT INCLUDE MOLD 
PROTRUSION. ALLOWABLE MOLD PROTRUSION 
IS 0 25 (0.010) PER SIDE. 

5 DIMENSIONING AND TOLERANCING PER ANSI 
Y145M, 1982. 

6 CONTROLLING DIMENSION INCH. 



□ 
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PLASTIC PACKAGE 

Case 711-03 




jO 20 



* A *- 




U-H -*l 


fWWI 

U-0 - 




twmwm 



NOTES: 

1. POSITIONAL TOLERANCE OF LEADS (D), SHALL BE 
WITHIN 0.25 mm (0.010) AT MAXIMUM MATERIAL 
CONDITION, IN RELATION TO SEATING PLANE 
AND EACH OTHER. 

2. DIMENSION L TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 

3. DIMENSION B DOES NOT INCLUDE MOLD FLASH. 



■wL-m 



- SEATING 
PLANE 



DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


51.69 


52.45 


2.035 


2 065 


B 


1372 


14.22 


0.540 


0.560 


C 


3.94 


5.08 


0.155 


0.200 


D 


0.36 


0.56 


0.014 


0 022 


F 


1.02 


1.52 


0 040 


0.060 


G 


2.54 BSC 


0.100 BSC 


H 


1.65 


2.16 


0.065 


0.085 


J 


0.20 


0.38 


0.008 


0.015 


K 


2.92 


3.43 


0.115 


0.135 


L 


15.24 BSC 


0 600 BSC 


M 


0° 


15° 


0° 


15° 


N 


0 51 


1.02 


0 020 


0 040 



CERAMIC PACKAGE 

Case 734-04 





NOTES: 

1. DIM -A- IS A DATUM. 

2. POSITIONAL TOLERANCE FOR LEA DS: 
14 I <H25 (0.0101® lT|A®1 

3. -T- IS SEATING PLANE. 

4. DIM L TO CENTER OF LEADS WHEN FORMED 
PARALLEL. 

5. DIMENSIONS A AND B INCLUDE MENISCUS. 

6. DIMENSIONING AND TOLERANCING PER ANSI Y14.5, 
1973. 



DIM 


MILUIV 


ETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


5.31 


53.24 


2.020 


2.096 


B 


12.70 


15.49 


0.500 


0.610 


C 


4.06 


584 


0.160 


0.230 


D 


0.38 


0.56 


0.015 


0.022 


F 


1.27 


1.65 


0.050 


0.065 


G 


2.54 BSC 


0.100 BSC 


J 


0.20 


0.30 


0.008 


0.012 


K 


3.18 


4.06 


0.125 


0.160 


L 


15.24 BSC 


0.600 BSC 


M 


5° 


15° 


5° 


15° 


N 


051 


1.27 


0.020 


0.050 
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44-PIN PACKAGE 



PLCC PACKAGE 

Case 777-02 



-i n n n n / 



44 
LEADS 
ACTUAL 



] ^] 



mJUTJI 
(NOTE D44-X I pU, 



| — B |-f| 0 1810 007) ® |t| N®-P®| L®-M®| 

-U |-f 1 018 10 007)® |t| N®-P©| L®-M©| 




"I h-» 



-A |+| 0 1810 007) ® |t| L©-M©| N®-P©] VIEW D-D 




|4| 0.25 (0010)® | T | N©-P©| L©-M©| 



-R \\\ 0 1810 007) ® |t| L©-M©| N©-P©1 — j 
J 



(NOTE 1) 




■*■ 


018(0007) ® 


T 


L®-M© 


N©-P© 


\ 


0.1810007) ® 


T 


N®-P© 


L©-M© 



■f 


0.1810007) ® 


T 


L©-M© 


N©-P© 


+ 


0.18(0 0071 ® 


T 


N(D-P© 


L©-M© 



| + |02510010|® |t| l©-m®| n©-p©| 



DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


17.40 


17 65 


0 685 


0695 


B 


17.40 


17 65 


0 685 


0 695 


C 


420 


4 57 


0165 


0180 


E 


2 29 


2 79 


0 090 


0.110 


F 


0 33 


048 


0013 


0 019 


G 


1 27 BSC 


0 050 BSC 


H 


0 66 


0 81 


0026 


0 032 


J 


0 61 




0020 




K 


064 




0025 




R 


16 51 


1666 


0 650 


0656 


U 


16 51 


1666 


0 650 


0656 


V 


107 


121 


0 042 


0048 


W 


1.07 


1 21 


0 042 


0048 


X 


1.07 


, 1 42 


0 042 


0 056 


Y 




050 




0020 


Z 


2° 


10° 


2° 


10° 


G1 


15 50 


16 00 


0610 


0 630 


K1 


102 




0 040 




21 


2° 


10° 


2° 


10° 




NOTES 

1. DUE TO SPACE LIMITATION, CASE 
777-02 SHALL BE REPRESENTED BY A 
GENERAL (SMALLER) CASE OUTLINE 
DRAWING RATHER THAN SHOWING 
ALL 44 LEADS. 

2 DATUMS -L-, -M-, -N-, AND -P- DETERMINED 
WHERE TOP OF LEAD SHOULDER EXIT PLASTIC 
BODY AT MOLD PARTING LINE. 

3 0IMG1, TRUE POSITION TO BE MEASURED AT 
DATUM -T-, SEATING PLANE. 

4 DIM R AND U DO NOT INCLUDE MOLD 
PROTRUSION. ALLOWABLE MOLD PROTRUSION 
IS 025 (0010) PER SIDE. 

5 DIMENSIONING AND TOLERANCING PER ANSI 
Y14 5M. 1982 

6 CONTROLLING DIMENSION INCH 
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A.Q 



48-PIN PACKAGE 



PLASTIC PACKAGE 

Case 767-02 



AAAAAAAAAAAAAAAAAAAAAAAA 




k3 ^ \_ M j-fr- 



NOTES 

i 




f¥] IS END OF PACKAGE DATUM PLANE 
[T] IS BOTH A DATUM AND SEATING 
PLANE 

POSITIONAL TOLERANCE FOR LEADS 1 

AND 48 

If | 0 51 (0 02D) | T | B ®JT\ 
POSITIONAL TOLERANCE FOR LEAD 

PATTERN _ 

l-frl 0 25 (0 010) | T 1 B ©] 
DIMENSION B DDES NOT INCLUDE MOLD 
FLASH 

DIMENSION L IS TO CENTER OF LEADS 
WHEN FORMED PARALLEL 
DIMENSIONING AND TOLERANCING PER 
ANSI Y14 5, 1982 
CONTROLLING DIMENSION INCH 



DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


61 34 


62 10 


2415 


2 445 


B 


13 72 


1422 


0 540 


0 560 


C 


3 94 


5 08 


0 155 


0 2D0 


D 


0 36 


0 55 


0014 


0 022 


F 


1.02 


1 52 


0 040 


0 060 


G 


2 54 BSC 


0 100 BSC 


H 


1 79 BSC 


0 070 BSC 


J 


0 20 


0 38 


0 008 


0015 


K 


2 92 


3 42 


0 115 


0 135 


L 


15 24 BSC 


0 600 BSC 


M 


0° 


15° 


0° 


15° 


N 


051 


1 01 


0 020 


0 040 
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48-PIN PACKAGE (Continued) 



CERAMIC PACKAGE 

Case 740-03 



Laj - 




48 




25 




lO 




24 


1 



SEATING : I T I 



it 



•*— D 48 PL 

|>| 025 (0010) © | T| A ®1 



025 (0 010) © | T | B ©| 



NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

3. DIM L TO CENTER OF LEAD WHEN FORMED 
PARALLEL 



DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


60.36 


61.56 


2.376 


2 424 


B 


14.64 


15.34 


0.576 


0 604 


C 


3.05 


431 


0.120 


0.170 


D 


0.381 


0.533 


0015 


0.021 


E 


1.27 BSC 


0.05C 


BSC 


F 


0.762 I 1.397 


0030 


0.055 


G 


2 54 BSC 


0.10C 


BSC 


J 


0.204 


0.330 


0 008 


0.013 


K 


2.54 


4.19 


0.100 


0.165 


L 


15 24 BSC 


0.60C 


BSC 


M 


0° 


10° 


0° 


10° 


N 


1.016 


1.524 


0 040 


0.060 
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52-PIN PACKAGE 



PLCC PACKAGE 

Case 778-02 



Y BRK 




| — B |4|018|0007) ® |t| n®-p®| l®-m©| 

i— U |-Ho.18 (0 007|® |t| n®-p©| l®-m®| 






XU ~ 025 (0010) ® |t| n®-p©| l®-m®| 

A 0 18 10007) ® 1t| L®-M®1 N®-P®| V IEW D-D 



-R [410 18 (0 0071® |t[ L®-M®| N®-P®| — 





0 18 (0 007) ® 


T 


L®-M® 


N©-P© 


i 


0 18 (0 0071 ® 


T 


N®-P® 


L®-M® 



JU 





0.18(0007) ® 


T 


L®-M® 


N®-P® 


4 


0 18 (0 007) ® 


T 


N®-P® 


L®-M® 



|+| 025 (0 010)© | T | L®-M®| N®-P®] 



DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 1 MAX 


A 


19 94 


20.19 


0 785 


0.795 


B 


1994 


2019 


0.785 


0795 


C 


4 20 


457 


0165 


0.180 


E 


2.29 


2 79 


0090 


0110 


F 


033 


048 


0013 


0019 


G 


1 27 BSC 


0050 BSC 


H 


066 


081 


0026 


0032 


J 


051 




0020 




K 


064 




0025 




R 


1905 


19 20 


0750 


0756 


U 


1905 


19.20 


0 750 


0756 


V 


1.07 


1 21 


0 042 


0 048 


W 


1 07 


1.21 


0 042 


0 048 


X 


107 


1.42 


0 042 


0.056 


Y 




0 50 




0 020 


Z 


2° 


10° 


2° 


10° 


G1 


1804 


1854 


0710 


0 730 


K1 


102 




0 040 




Z1 


2° 


10° 


2° 


10° 



NOTES 

1. DUE TO SPACE LIMITATION, CASE 778-02 SHALL 
BE REPRESENTED BY A GENERAL (SMALLER) 
CASE OUTLINE DRAWING RATHER THAN 
SHOWING ALL 52 LEADS 

2 DATUMS -L-, -M-, -N-, AND -P- DETERMINED 
WHERE TOP OF LEAD SHOULDER EXIT PLASTIC 
BODY AT MOLD PARTING LINE. 

3. DIM G1, TRUE POSITION TO BE MEASURED AT 
DATUM -T-, SEATING PLANE. 

4. DIM R AND U DO NOT INCLUDE MOLD 
PROTRUSION ALLOWABLE MOLD PROTRUSION 
IS 0.25 (0010) PER SIDE. 

5. DIMENSIONING AND TOLERANCING PER ANSI 
Y145M.1982 

6 CONTROLLING DIMENSION. INCH 
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Evaluation Modules 

Volume II 
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EVALUATION MODULES 



Motorola has developed a series of inexpensive evaluation modules (EVMs) to support the M6801 , 
M6804, M6805, M68HC11 Families of microcontroller units (MCUs) and the MC68HC99 Hard Disk 
Controller (HDC). 

These EVMs aid in designing, debugging, and evaluating the MCU-based target system. This is 
accomplished by providing monitor debugging firmware, one-line assembler/disassembler, EPROM/ 
EEPROM MCU programming, and host computer down loading capabilities. 

Interfacing is accomplished through an RS-232C compatible terminal/host computer Input/Ouput 
(I/O) ports and MCU expansion I/O ports. The user need only provide a power supply and RS- 
232C compatible terminal. Table 5-1 provides a quick reference to the MCUs supported by the 
EVMs. An evaluation products brochure (BR292 R1) is also available for more information on the 
EVMs. 

The following paragraphs provide additional information application to a specific EVM. 

M68701EVM — Dual 64K-Byte Memory Maps; 8K Monitor RAM/ROM, 4K Users Pseudo ROM, 
MCU (Expanded Multiplexed/Single Chip Mode) Extended I/O Ports. Literature available Brochure 
BR285/D. 

M68HC04EVM — 8K Bytes Monitor EPROM, 4K Bytes Pseudo ROM/RAM, 20-PIN MCU Extension 
I/O Port HMOS/HCMOS Compatible, 28-Pin Extension I/O Port HMOS/HCMOS Compatible, EPROM 
MCU Programmer: 28-Pin Dual-in-Line Package. Literature available Brochure BR288/D. 

M68705EVM — Dual 4K-Byte Memory Maps; 4K Monitor RAM/ROM, 4K Users Pseudo ROM, 
EPROM MCU Programmer (28-Pin and 40-Pin DIP Packages), MCU (28-Pin and 40-Pin) Expanded 
I/O Ports. Literature available Brochure BR291/D. 

M1468705EVM — Dual 4K-Byte Memory Maps; 4K Monitor RAM/ROM, 4K User Pseudo ROM, 
EPROM MCU Programmer 28-/40-Pin DIP and 28-/44-Pin-Lead PLCC (Plastic Leaded Chip Carrier) 
Packages. Literature available Brochure BR294/D. 

M68HC05EVM — Dual 8K-Byte Memory Maps; 6K Monitor EPROM, 8K User Pseudo ROM, Single 
Chip Mode 40, 52, and 68-Pin MCU Extension I/O Ports-HCMOS Compatible, EEPROM MCU Pro- 
grammer, EPROM MCU Programmer: 40-Pin Dual-in-Line Packages, 40/52-Lead PLCC (Plastic 
Leaded Chip Carrier) Packages, 28 Pin DIP. Literature available Brochure BR295/D. 

MC68HC05M4EVM — Dual 16K-Byte Memory Map; 8K Monitor EPROM; 16K User Pseudo ROM; 
68-Pin (Two 34-Pin Connectors) MCU Extension I/O Port; HCMOS/High-Voltage MCU I/O Port 
Selection Capabilities. Literature available Brochure BR569/D. 

M68HC11EVM — Dual 64K-Byte Memory Map; 8K Byte Monitor EPROM, 16K Byte User Pseudo 
ROM, Expanded Multiplexed Mode and Single Chip Mode MCU Extension I/O Ports-HCMOS 
Compatible, EEPROM MCU Programmer; 48-Pin Dual-in-Line Package, 52-Lead PLCC (Plastic Leaded 
Chip Carrier) Packages. Literature available Brochure BR266/D. 

M68HC11EVB — 46K-Byte Memory Map; 8K Monitor EPROM, 8K/16K User ROM, Evaluates Single 
Chip Mode Only, Replaces MCU I/O Ports B and C for EVB Single Chip Mode Evaluation, 60-Pin 
MCU extension I/O Port HCMOS Compatible. Literature available Brochure BR278/D. 
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M68HC99EVM — Dual 64K-Byte Memory Map; 8K Byte Monitor EPROM, 16K Byte User Pseudo 
ROM, Expanded Multiplexed Mode and Single Chip Mode MCU Extension I/O Ports HCMOS 
Compatible. Literature available Brochure BR512/D. 



Table 5-1. EVM Selector Guide 



Evaluation 
Modules/Boards 



Device Support 



MC6801 
MC6801U4 
MC68701 
MC68701U4 



MC6803 
MC6803U4 



MC6804J1/J2 
MC6804P2 
MC68704P2 
MC68HC04P2/P3 



MC6805P2/P4/P6 

MC6805R2/R3 

MC6805U2/U3 

MC68705P3/P5 

MC68705R3 

MC68705U3/U5 



MC146805F2 
MC146805G2 
MC1468705F2 
MC1468705G2 



MC68HC05A6 

MC68HC05B4/B6 

MC68HC05C2/C4/C8 

MC68HC05L6 

MC68HC705C8 

MC68HC805B6 

MC68HC805C4 

MC68HCL05C4/C8 

MC68HSC05C4/C8 



MC68HC05M4 



MC68HC11A0/A1/A8 
MC68HC11E0/E1/E9 
MC68HC811A2 
MC68HC811E2 



MC68HC99 
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DEVELOPMENT STATION 

HDS-300 MICROCONTROLLER HARDWARE/SOFTWARE DEVELOPMENT STATION 

The HDS-300 supports the following MCUs and microprocessors (MPUs): MC68HC1 1 A8, MC6801/ 
03, MC68701, MC6809, and MC68HC05C4/C8. The following are some of the features available on 
the HDS-300. 

• Real-Time Emulation, Bus State Monitor, and System Performance Analyzer (SPA) 

• Real-Time Trace with Disassembly and 5-1/4 Inch Disk Storage, 

o "C" Language Source Level Debug and Formatted Screen Displays, 

• One-Line Assembler/Disassembler and Multi-Level Help Display, 

• Multiple Station Synchronization and Powerup Self-Test Capability, 

• RS-232C Terminal/Host Interface Ports and Centronics Compatible Printer Interface Port. 

For further information on the HDS-300 order data sheet HDS-300/DD. 



Design Features 

• Real-Time Emulation 
o Bus State Monitor 

• System Performance Analyzer (SPA) 

• Real-Time Trace with Disassembly 

• "C" Language Source Level Debug 

• One-Line Assembler/Disassembler 

• Multi-Level Help Display 

• Multiple Station Synchronization 

• RS-232C Terminal/Host Interface Ports 

• Centronics-Compatible Printer Interface Port 




HDS-300 Microcontroller 
Hardware/Software Development Station 
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The HDS-300 development system serves as the key link between the host system and the target 
Microcontroller Unit (MCU) or Microprocessor Unit (MPU). The development station provides a 
quick, user-friendly way to reduce engineering costs and to minimize the risk of failure. The HDS- 
300 has the capability to operate either as a standalone or with a development host system. 

With the host development system, software can be developed on an RS-232C compatible host 
and then the object code can be downloaded to the HDS-300 for target emulation and debug. 
When performing source level debug, a hosted HDS-300 displays source and compiled code 
(including mnemonics) to allow easy modification or step-by-step analysis at either level. 

A Bus State Monitor provides trace history as well as real-time trace analysis with disassembly. 
The use of windows allows easy examination of the trace history of the target system. The HDS- 
300 allows up to 64 breakpoints to be simultaneously active which streamlines debugging and 
code verification. Other features include plus user macros, emulation memory, target status anal- 
ysis, HELP screens, and user-friendly windows. 

Emulators 

The emulators are used to link the HDS-300 and host system to the target system. The emulators 
plug directly into the socket that the MCU or MPU would normally occupy and provide the proper 
electrical connections to duplicate the normal MPU/MCU functions in the target system. Emulators 
for the HDS-300 System are available to support the M6801, M6803, M6809/E, M68HC05C4/C8 
and M68HC11 MCU/MPU Families, as well as the MC68000 Family of 16- and 32-bit MPUs. 

Source Level Debugger 

The Source Level Debugger (SLD) is a window-based debugger which allows you to view and 
manipulate the target system via source code. Key features include single stepping, free running 
execution, restart execution from the beginning of the application, and the ability to set breakpoints 
at the source line, function, or physical address. This allows you to see how the compiler handles 
your source code, instruction by instruction, and then allows you to reprogram where necessary. 
Other features include the displaying of intermixed source and assembly code, and scrolling of 
source windows. 



5 
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LOW COST 
EVALUATION MODULES 



A series of inexpensive evaluation modules (EVMs) are available for designing, debugging, and 
evaluating Motorola microprocessors (MPUs) and microcontrollers (MCUs) in target system equip- 
ment. The EVMs provide all of the essential MPU/MCU timing. The on-board ROM contains 
extensive commands for controlling input/output (I/O) and debug operations, including Motorola 
S-record transfer. 

Memory, internal registers, and I/O registers may be displayed and modified. Program execution 
may be traced one step at a time or breakpoints may be inserted for program interruption. Circuitry 
and firmware are included to allow one time programmable read-only memory (OTPROM), eras- 
able programmable read-only memory (EEPROM) MCUs to be programmed. The EVMs require 
only a power supply and RS-232C compatible terminal for operation. 



M68701EVM 

The M68701EVM was designed to evaluate the MC6801, MC6801U4, MC6803, MC6803U4, MC68701, 
and MC68701U4 based target system equipment. 

This EVM operates in either the expanded multiplexed mode (mode 2) or the single chip mode 
(mode 7). Generating, executing, and debugging of target system MCU code can be accomplished 
in either mode. If mode 2 is used, the target system ROM must be replaced with RAM. This 
replacement enables operations such as breakpoint, trace, download, assemble, disassemble, and 
memory modify operations. The host and terminal baud rates are hardware selectable from 150 
bit-per-second (bps) to 19.2 Kbps. An EPROM programmer is also provided on the EVM. 



M68705EVM and MC1468705EVM 

The M68705EVM evaluates the MC6805P2/P6, MC6805R2/R3, MC6805U2/U3, MC68705P3/P5, 
MC68705R3, and MC68705U3/U5 HMOS MCU-based target system equipment. The M1468705EVM 
evaluates the MC146805F2 and MC146805G2 CMOS MCU-based target system equipment. 

Data transfer within the EVM is controlled by the monitor ROM firmware. User object code may 
be downloaded into user program RAM (Pseudo ROM) via the host port. The host and terminal 
port ACIA baud rates are hardware selectable from 100 bps to 19.2 Kbps and both EVMs have 
EPROM programmers. 
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M68HC04EVM 



The M68HC04EVM evaluates the MC6804J1, MC6804J2, MC6804P2, MC68704P2, MC68HC04P2, 
and the MC68HC04P3 MCU-based target system equipment. This module contains two resident 
MCUs, the MC68HC04P3 and the MC6803U4. The MC68HC04P3 is used for evaluating the M6804 
Family of HMOS and HCMOS devices and the MC6803U4 controls the EVM monitor functions. 

The EVM has an independent hardware baud rate selection of 300 to 1 9.2 Kbps. Selectable options 
such as host baud rate, port configuration, IRQ input, EPROM programmer, and clock divide and 
input selection are provided on the EVM. 



M68HC05EVM 

The M68HC05EVM evaluates the MC68HC05B5/B6, MC68HC05C2/C3/C4/C8/C9, MC68HC05A6, 
MC68HC05L6, MC68HC705C8, MC68HC805B6, and MC68HC805C4 HCMOS MCU based target sys- 
tem equipment. The EVM has limitations on evaluating the MC68HCL05C4/C8 and MC68HSC05C4/ 
C8 MCUs in respect to power and speed, respectively. 

The terminal port has a 9600 fixed baud rate and the host port has software selectable baud rate 
of 300 to 19.2 Kbps. Selectable options such as IRQ sensitivity, clock input selection, and OTPROM/ 
EPROM/EEPROM programmer are provided on the EVM. 



M68HC05M4EVM 



The M68HC05M4EVM evaluates a MC68HC05M4 HCMOS MCU-based target system equipment. 
The terminal port has a 9600 fixed baud rate and the host port has software selectable baud rate 
of 300 to 19.2 Kbps. Selectable options such as IRQ sensitivity and clock input selection are 
provided on the EVM. This EVM has HCMOS/high-voltage MCU I/O port selection capabilities. 



M68HC11EVM and M68HC11EVB 

The M68HC1 1EVM evaluates both the M68HC11A8 and M68HC11E9 Family devices. 

The EVM has a auto-selectable baud rate for the terminal from 150 to 19.5 Kbps and a software 
selectable baud rate for the host. Jumper selectable options such as evaluation mode, clock input 
selection, and EEPROM MCU programmer are provided on the EVM. 

The EVB evaluates the MC68HC11A0/A1/A8 only and the MC68HC811A2 with some restrictions. 
The EVB was designed along with a monitor/debugging program called BUFFALO (Bit User Fast 
Friendly Aid to Logical Operations) as a low cost alternate to the M68HC11EVM. The EVB only 
emulates the single chip mode of operation, but operates in the expanded multiplexed mode at 
all times. Jumper selectable options such as evaluation mode and clock input selection are pro- 
vided on the EVM. The EVB has no EEPROM programmer. 
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M68HC99EVM 



This module evaluates the MC68HC99 Hard Disk Controller (HDC) based target system equipment. 
The EVM operates in either the expanded multiplexed (1, 2, or 3) or single chip mode. 

The EVM has a auto-selectable baud rate for the terminal from 150 to 19.2 Kbps and a software 
selectable baud rate from 150 to 19.2 Kbps for the host. Jumper selectable options such as 
evaluation mode and clock input selection are available. 



5 
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This chapter contains the ordering forms for the devices in Chapter 3. A copy 
of the form(s) may be submitted when ordering to maintain integrity of the data 
book. Please ensure all applicable blanks are filled in. 

Electronic transfer of Read Only Memory (ROM) patterns is scheduled to be 
available by the end of 1988. Contact your local Motorola sales office or repre- 
sentative to find out when this service will be available. 
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MOTOROLA MICROPROCESSOR DATA 



MC6801/MC6803 ORDERING FORM 

Date Customer PO Number 

Customer Company 

Address 

City State Zip . 

Country 

Phone Extension 

Customer Contact Person 



Customer Part Number 

(12 Characters Maximum — If Applicable) 





Mask Option List 




Type of MCU □ 


MC6801 □ MC6803 




Temperature Range 




Package Type 


□ 


0° to 70 C 


□ Cerdip 


□ 


-40 u to + 85 C 


□ Plastic 


Pattern Media 




Frequency of Operation 


Diskette: □ 


MDOS Disk File 


□ 1.0 MHz 


□ 


PC-DOS Disk File 


□ 1.25 MHz 


EPROM: □ 


Two 2516 or 2716 


□ 2.0 MHz 


□ 


nthfir 






(Requires prior 


factory approval.) 



Device to be tested to Motorola data sheet specifications. Cus- 

(SIGNATURE) tomer part number, if used as part of marking, is for reference 

purposes only. 



(SIGNATURE) Device to be tested to customer specifications. (Customer spec- 

ifications required.) 



ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 



MC6801U4/MC6803U4 ORDERING FORM 

Date Customer PO Number 

Customer Company 

Address . 

City State Zip 

Country 

Phone Extension 

Customer Contact Person 



Customer Part Number 

(12 Characters Maximum — If Applicable) 



Mask Option List 


Type of MCU □ MC6801U4 


□ MC6803U4 


Temperature Range 

□ 0° to 70°C 

□ -40° to 85°C 




Pattern Media 
Diskette: □ MDOS Disk File 
□ PC-DOS Disk File 


Package Type 

□ Cerdip 

□ Plastic 


EPROM: 

□ Two 2516 or 2716 

□ 2532 or 2732 

□ MC68701U4 
n Other 


Frequency of Operation 
□ 1.0 MHz 
D 1.25 MHz 


(Requires prior factory approval.) 



Device to be tested to Motorola data sheet specifications. Cus- 

(SIGNATURE) tomer part number, if used as part of marking, is for reference 

purposes only. 



(SIGNATURE) Device to be tested to customer specifications. (Customer spec- 

ifications required.) 



ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 



Date 



MC6804J1 ORDERING FORM 

_ Customer PO Number 



Customer Company 
Address 



City 



State 



Zip 



Country 
Phone _ 



Extension 



Customer Contact Person 
Customer Part Number _ 



(12 Characters Maximum — If Applicable) 



MC6804J1 MASK OPTION LIST 



Internal Oscillator Input 

□ Crystal 

□ Resistor 

Output Drive (Select one Option per Port) 

LSTTL CMOS/LSTTL Open Drain 

Port A □ □ □ 

PortB □ □ □ 



Interrupt Trigger 

□ Edge-Sensitive 

□ Level-Sensitive 

Test Clamping Diode 
(Available only with LSTTL 
or Open Drain Outputs) 

□ Yes 

□ No 



Temperature 

□ 0°C to 70°C 

□ -40°C to +85°C 



Clock Frequency: 



Special Electrical Provisions. 

(Customer specifications required.) 

Pattern Media 

Diskette. □ MDOS Disk File □ PC-DOS Disk File 

□ MS-DOS Disk File 

EPROM: □ Two 2516 or 2716 □ One 2532 or 2732 

□ Other 

(Requires prior factory approval.) 



Device to be tested to Motorola data sheet specifications. Cus- 

(SIGNATURE) tomer part number, if used as part of marking, is for reference 

purposes only. 



(SIGNATURE) Device to be tested to customer specifications. (Customer spec- 

ifications required.) 



ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 



Date 



MC6804J2 ORDERING FORM 

. Customer PO Number 



Customer Company 

Address 

City State Zip 

Country 

Phone Extension 

Customer Contact Person 



Customer Part Number 

(12 Characters Maximum — If Applicable) 



MC6804J2 MASK OPTION LIST 


Internal Oscillator Input 

□ Crystal 

□ Resistor 


Interrupt Trigger 

□ Edge-Sensitive 

□ Level-Sensitive 


Output Drive (Select one Option per Port) Test Clamping Diode 

LSTTL CMOS/LSTTL Open Drain (Available only with LSTTL 
Port A □ □ □ or Open Drain Outputs) 
Port B □ □ □ □ Yes 

□ No 


Temperature 

□ 0°C to 70°C 

□ - 40°C to + 85°C 


drink Frpqimnry: 


Special Electrical Provisions: 

(Customer specifications required.) 


Pattern Media 

Diskette: □ MDOS Disk File 

□ MS-DOS Disk File 
EPROM: □ Two 2516 or 2716 

□ Other 


□ PC-DOS Disk File 

□ One 2532 or 2732 
(Requires prior factory approval.) 



Device to be tested to Motorola data sheet specifications. Cus- 

(SIGNATURE) tomer part number, if used as part of marking, is for reference 

purposes only. 



(SIGNATURE) Device to be tested to customer specifications. (Customer spec- 

ifications required.) 



ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 



Date . 



MC6804P2 ORDERING FORM 

Customer PO Number 



Customer Company 
Address 



City 



State 



Zip 



Country 



Phone 



Extension 



Customer Contact Person 
Customer Part Number 



(12 Characters Maximum — If Applicable) 



MC6804P2 MASK OPTION LIST 



Internal Oscillator Input 

□ Crystal 

□ Resistor 

Output Drive (Select one Option per Port) 

LSTTL CMOS/LSTTL Open Drain 
Port A □ □ □ 

PortB □ □ □ 

PortC □ □ □ 



Interrupt Trigger 

□ Edge-Sensitive 

□ Level-Sensitive 

Test Clamping Diode 
(Available only with LSTTL 
or Open Drain Outputs) 

□ Yes 

□ No 



Temperature 

□ 0°C to 70°C 

□ -40°Cto + 85°C 



Clock Frequency: 



Special Electrical Provisions: 



Pattern Media 
Diskette: 



EPROM: 



(Customer specifications required. 



□ MDOS Disk File 

□ MS-DOS Disk File 

□ Two 2516 or 2716 

□ Other 



□ PC-DOS Disk File 

□ One 2532 or 2732 



(Requires prior factory approval.) 



Device to be tested to Motorola data sheet specifications. Cus- 

(SIGNATURE) tomer part number, if used as part of marking, is for reference 

purposes only. 



(SIGNATURE) Device to be tested to customer specifications. (Customer spec- 

ifications required.) 



ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 



Date. 



MC68HC04J2 ORDERING FORM 

Customer PO Number 



Customer Company 
Address 



City 



State 



Zip 



Country 
Phone _ 



Extension 



Customer Contact Person 
Customer Part Number 



(12 Characters Maximum — If Applicable) 



Internal Oscillator Input: 

□ Crystal/Resonator 

□ Resistor-Capacitor 



Clock Predivide Ratio: 

□ Divide-by-One 

□ Divide-by-Two 

□ Divide-by-Four 



Interrupt Trigger 

□ Edge-Sensitive 

□ Edge/Level-Sensitive 



I/O Options: Pulldowns No Pulldowns Input Options: Pullups No Pullups 



PA4, 5, 6, 7 
PBO 
PB1, 2 

PB3, 4, 5, 6, 7 



□ 
□ 
□ 
□ 



□ 
□ 
□ 
□ 



Reset 
Interrupt 

Security: 
Program 
ROM 



□ 

□ 



□ 
□ 



Protected No Protection 

□ □ 



Voltage Supply (Select any or all): 

Temperature Range: 

Special Electrical Provisions: 



□ 2.2V±10% □3.0V±10% □ 5.0V ±10% 
Clock Frequency: 



(Customer specifications required.) 



Pattern Media 

Diskette: 
EPROM 



□ MDOS Disk File 

□ Two 2516 or 2716 

□ Other 



□ MS-DOS Disk File 

□ One 2532 or 2732 



(Requires prior factory approval. 



(SIGNATURE) 



(SIGNATURE) 



Device to be tested to Motorola data sheet specifications Cus- 
tomer part number, if used as part of marking, is for reference 
purposes only. 

Device to be tested to customer specifications. (Customer spec- 
ifications required.) 



ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 



Date. 



MC68HC04J3 ORDERING FORM 

Customer PO Number _ 



Customer Company 
Address 



City 



State 



Zip 



Country 
Phone _ 



Extension 



Customer Contact Person 
Customer Part Number _ 



(12 Characters Maximum— If Applicable) 



Internal Oscillator Input: 

□ Crystal/Resonator 

□ Resistor-Capacitor 



Clock Predivide Ratio: 

□ Divide-by-One 

□ Divide-by-Two 

□ Divide-by-Four 



Interrupt Trigger 

□ Edge-Only Sensitive 

□ Edge/Level Sensitive 



I/O Options: Pulldowns No Pulldowns Input Options: Pullups No Pullups 



PA4, 5, 6, 7 
PBO 
PB1, 2 

PB3, 4, 5, 6, 7 



□ 
□ 
□ 
□ 



□ 
□ 

□ 
□ 



Reset 
Interrupt 

Security: 
Program 
ROM 



□ 
□ 



□ 
□ 



Protected No Protection 
□ □ 



Voltage Supply (Select any or all): 

Temperature Range: 

Special Electrical Provisions: 



□ 2.2V±10% □3.0V±10% □ 5.0V±10% 
Clock Frequency: 



(Customer specifications required. 



Pattern Media 

Diskette: 
EPROM 



□ MDOS Disk File 

□ Two 2516 or 2716 

□ Other 



□ MS-DOS Disk File 

□ One 2532 or 2732 



(Requires prior factory approval.) 



(SIGNATURE) 



(SIGNATURE) 



Device to be tested to Motorola data sheet specifications. Cus- 
tomer part number, if used as part of marking, is for reference 
purposes only. 

Device to be tested to customer specifications (Customer spec- 
ifications required.) 



ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 



Date 



MC6805P2 ORDERING FORM 

_ Customer PO Number 



Customer Company 

Address 

City State Zip 

Country 

Phone Extension 

Customer Contact Person 



Customer Part Number 

(12 Characters Maximum— If Applicable) 



Timer Clock Source 

□ Internal cf>2 clock 

□ TIMER input pin 


Internal Oscillator Input 

□ Crystal 

□ Resistor 


Timer Prescaler 

□ 2° (divide by 1) 

□ 2 1 (divide by 2) 

□ 2 2 (divide by 4) 

□ 2 3 (divide by 8) 

□ 2 4 (divide by 16) 

□ 2 5 (divide by 32) 

□ 2 6 (divide by 64) 

□ 2 7 (divide by 128) 


Low Voltage Inhibit 

□ Disable 

□ Enable 

Port A Output Drive 

□ CMOS and TTL 

□ TTL only 


C.\nr.\t Frpq 




Temp. Range 


□ 0° to +70°C (Standard) □ - 40° to + 85°C 


Pattern Media 

□ MDOS Disk File □ PC-DOS Disk File 

□ 2516 or 2716 EPROM □ MS-DOS Disk File 

□ MC68705P3 

□ Othfir 

(Requires prior factory approval.) 



Device to be tested to Motorola data sheet specifications. Cus- 

(SIGNATURE) tomer part number, if used as part of marking, is for reference 

purposes only. 



(SIGNATURE) Device to be tested to customer specifications. (Customer spec- 

ifications required.) 



ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 



Date 



MC6805P6 ORDERING FORM 

Customer PO Number 



Customer Company 

Address 

City State Zip 

Country 

Phone Extension 

Customer Contact Person 



Customer Part Number 

(12 Characters Maximum — If Applicable) 



Timer Clock Source 

□ Internal <j>2 clock 

□ TIMER input pin 


Internal Oscillator Input 

□ Crystal 

□ Resistor 


Timer Prescaler 

□ 2° (divide by 1) 

□ 2 1 (divide by 2) 

□ 2 2 (divide by 4) 

□ 2 3 (divide by 8) 

□ 2 4 (divide by 16) 

□ 2 5 (divide by 32) 

□ 2 6 (divide by 64) 

□ 2 7 (divide by 128) 


Low Voltage Inhibit 

□ Disable 

□ Enable 

Port A Output Drive 

□ CMOS and TTL 

□ TTL only 


C.\nrV Frpq 




Temp. Range . 


□ 0°to +70°C (Standard) □ -40° to + 85°C 


Pattern Media 

□ MDOS Disk File □ PC-DOS Disk File 

□ 2516 or 2716 EPROM □ MS-DOS Disk File 

□ MC68705P3 

□ Other 

(Requires prior factory approval.) 



Device to be tested to Motorola data sheet specifications. Cus- 

(SIGNATURE) tomer part number, if used as part of marking, is for reference 

purposes only. 



(SIGNATURE) Device to be tested to customer specifications. (Customer spec- 

ifications required.) 



ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 



Date 



MC6805R2 ORDER FORM 

Customer PO Number. 



Customer Company 
Address 



City 



State 



Zip 



Country 



Phone 



Extension 



Customer Contact Person 
Customer Part Number _ 



(12 Characters Maximum— If Applicable) 



Internal Oscillator Input 

□ Crystal 

□ Resistor 

Port A Output Drive 

□ CMOS and TTL 

□ TTL Only 



Low Voltage Inhibit 

□ Disable 

□ Enable 

Port C Output Drive 

□ TTL 

□ Open-Drain 



Timer Clock Source Timer Prescaler 

□ Internal cj>2 clock □ 2° (divide by 1) 



□ TIMER input pin 



□ 2 1 (divide by 2) 

□ 2 2 (divide by 4) 

□ 2 3 (divide by 8) 

□ 2 4 (divide by 16) 

□ 2 5 (divide by 32) 

□ 2 6 (divide by 64) 

□ 2 7 (divide by 128) 



Clock Frequency 

Temperature Range °°C to +70°C (Standard) 

-40°Cto +85°C 



Pattern Media 

□ MDOS Disk File □ PC-DOS Disk File □ MS-DOS Disk File 

□ 2532/2732 EPROM □ 68705R3 EPROM 

□ 2516/2716 EPROM 

□ Other 

(Requires prior factory approval.) 



Device to be tested to Motorola data sheet specifications. Cus- 

(SIGNATURE) tomer part number, if used as part of marking, is for reference 

purposes only. 



(SIGNATURE) Device to be tested to customer specifications. (Customer spec- 

ifications required.) 



ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 



Date 



MC6805R3 ORDERING FORM 

Customer PO Number 



Customer Company 

Address 

City State Zip 

Country , 

Phone Extension 

Customer Contact Person 



Customer Part Number 

(12 Characters Maximum — If Applicable) 



Internal Oscillator Input 


Low Voltage Inhibit 


□ Crystal 


□ Disable 


□ Resistor 


□ Enable 


Port A Output Drive 


Port C Output Drive 


□ CMOS and TTL 


□ TTL 


□ TTL Only 


□ Open-Drain 


Clnrk Frequency 




Temperature Range 


0°C to +70°C (Standard) 




-40°C to +85°C 


Pattern Media 




□ MDOS Disk File □ PC-DOS Disk File □ MS-DOS Disk File 


□ 2532/2732 EPROM 


□ 2516/2716 EPROM 


□ Other 






(Requires prior factory approval.) 




Device to be tested to Motorola data sheet specifications. Cus- 


(SIGNATURE) 


tomer part number, if used as part of marking, is for reference 




purposes only. 


(SIGNATURE) 


Device to be tested to customer specifications. (Customer spec- 




ifications required.) 



ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 



MC6805S2 ORDERING FORM 



Date . 



Customer PO Number. 



Customer Company 



Address 



City 



State 



Country 



Phone 



Extension 



Customer Contact Person 
Customer Part Number 



(12 Characters Maximum — If Applicable) 



Standby RAM 

□ None 

□ 16-byte 

Port A Output Drive 

□ CMOS and TTL 

□ TTL Only (CMOS disabled) 

Temperature 
H O C to 70 C 
IH 40 C to 85 C 



Special Electrical Provisions. 



Internal Oscillator Input 

□ Crystal 

□ Resistor 



Clock Frequency: . 



Low Voltage Inhibit 

□ Enabled 

□ Disabled 

Fifth A D Channel 

□ Enabled 

□ Disabled 



(Requires prior factory approval. 



Pattern Media 



□ MDOS Disk File 

□ 2532 EPROMs 

□ 2716 EPROMs (2) 

□ Other 



| | PC-DOS Disk File 
[ | 2732 EPROMs 
n 2516 EPROMs (2) 



MS-DOS Disk File 



(Customer specificatons required.) 



(SIGNATURE) 



(SIGNATURE) 



Device to be tested to Motorola data sheet specifications. Cus- 
tomer part number, if used as part of marking, is for reference 
purposes only. 

Device to be tested to customer specifications. (Customer spec- 
ifications required.) 



ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 



MC6805S3 ORDERING FORM 



Date. 



Customer PO Number. 



Customer Company 
Address 



City 



State 



Zip 



Country 
Phone _ 



Extension 



Customer Contact Person 
Customer Part Number 



(12 Characters Maximum — If Applicable) 



Standby RAM 

□ None 

□ 16-byte 

Port A Output Drive 

□ CMOS and TTL 

□ TTL Only (CMOS disabled) 

Temperature 

□ 0°C to 70°C 

□ - 40°C to 85°C 



Special Electrical Provisions: 



Internal Oscillator Input 

□ Crystal 

□ Resistor 



Clock Frequency: 



Low Voltage Inhibit 

□ Enabled 

□ Disabled 

Fifth A D Channel 

□ Enabled 

□ Disabled 



(Requires prior factory approval. 



Pattern Media 



□ MDOS Disk File 

□ 2532 EPROMs 

□ 2716 EPROMs (2) 

□ Other 



□ PC-DOS Disk File 

□ 2732 EPROMs 

□ 2516 EPROMs (2) 



MS-DOS Disk File 



(Customer specificatons required 



(SIGNATURE) 



(SIGNATURE) 



Device to be tested to Motorola data sheet specifications. Cus- 
tomer part number, if used as part of marking, is for reference 
purposes only. 

Device to be tested to customer specifications. (Customer spec- 
ifications required.) 



ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 



MC6805U2 ORDERING FORM 



Date . 



Customer PO Number. 



Customer Company 
Address 



City 



State 



Zip 



Country 



Phone 



Extension 



Customer Contact Person 
Customer Part Number _ 



(12 Characters Maximum— If Applicable) 



Internal Oscillator Input 

□ Crystal 

□ Resistor 

Port A Output Drive 

□ CMOS and TTL 

□ TTL Only 



Low Voltage Inhibit 

□ Disable 

□ Enable 

Port C Output Drive 

□ TTL 

□ Open-Drain 



Timer Clock Source 

□ Internal <t>2 clock 

□ TIMER input pin 



Timer Prescaler 

□ 2° (divide by 1) 

□ 2 1 (divide by 2) 

□ 2 2 (divide by 4) 

□ 2 3 (divide by 8) 

□ 2 4 (divide by 16) 

□ 2 5 (divide by 32) 

□ 2 6 (divide by 64) 

□ 2 7 (divide by 128) 



Clock Frequency . 



Temperature Range 0°C to +70°C (Standard) 

-40°C to +85°C 



Pattern Media 

□ MDOS Disk File □ PC-DOS Disk File □ MS-DOS Disk File 

□ 2532/2732 EPROM □ MS-DOS Disk File 

□ 2516/2716 EPROM 

□ Other 

(Requires prior factory approval.) 



Device to be tested to Motorola data sheet specifications. Cus- 

(SIGNATURE) tomer part number, if used as part of marking, is for reference 

purposes only. 



(SIGNATURE) Device to be tested to customer specifications. (Customer spec- 

ifications required.) 



ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 



MC6805U3 ORDERING FORM 



Date. 



Customer PO Number. 



Customer Company 
Address 



City 



State 



Zip 



Country 
Phone _ 



Extension 



Customer Contact Person 
Customer Part Number _ 



(12 Characters Maximum— If Applicable) 



Internal Oscillator Input 

□ Crystal 

□ Resistor 

Port A Output Drive 

□ CMOS and TTL 

□ TTL Only 



Clock Frequency . 



Low Voltage Inhibit 

□ Disable 

□ Enable 

Port C Output Drive 

□ TTL 

□ Open-Drain 



Timer Clock Source 

□ Internal <fc2 clock 

□ TIMER input pin 



Temperature Range. 



Timer Prescaler 

□ 2° (divide by 1) 

□ 2 1 (divide by 2) 

□ 2 2 (divide by 4) 

□ 2 3 (divide by 8) 

□ 2 4 (divide by 16) 

□ 2 5 (divide by 32) 

□ 2 6 (divide by 64) 

□ 2 7 (divide by 128) 



0°C to +70°C (Standard) 
-40°Cto +85X 



Pattern Media 



□ MDOS Disk File 

□ 2532/2732 EPROM 

□ 2516/2716 EPROM 

□ Other 



□ PC-DOS Disk File 

□ MS-DOS Disk File 



(Requires prior factory approval. 



(SIGNATURE) 



(SIGNATURE) 



Device to be tested to Motorola data sheet specifications. Cus- 
tomer part number, if used as part of marking, is for reference 
purposes only. 

Device to be tested to customer specifications. (Customer spec- 
ifications required.) 



ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 



MC68HC05B4 MCU ORDERING FORM 

Date Customer PO Number 

Customer Company 

Address 

City State Zip 

Country 

Phone Extension 

Customer Contact Person 



Customer Part Number 

(12 Characters Maximum — If Applicable) 



MC68HC05B4 MCU ORDERING FORM 


Temperature Range: Watchdog Timer 

□ 0° to 70°C (Standard) □ Watchdog Timer Automatically Enabled 

□ -40° to 85°C (Extended) □ Watchdog Timer Enabled by Software 

□ -40° to 125° (Automotive □ Watchdog Timer Active during WAIT 

□ Watchdog Timer Suspended during WAIT 




POR Input Pulse Width 

□ 4064 Cycle Option 

□ 16 Cycle Option 


Special Electrical Provisions: 


(Customer specifications required.) 


Pattern Media: 




□ MC68HC805B6 

□ MCM68764 EPROM 
n Other 


□ MS-DOS Disk File □ PC-DOS Disk File 

□ MCM68766 EPROM □ 2764 EPROM 

(Requires prior factory approval.) 



Device to be tested to Motorola data sheet specifications. Cus- 

(SIGNATURE) tomer part number, if used as part of marking, is for reference 

purposes only 



(SIGNATURE) Device to be tested to customer specifications (Customer spec- 

ifications required.) 



ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 



Date . 



MC68HC05B6 MCU ORDERING FORM 

Customer PO Number 



Customer Company 
Address 



City 



State 



Country 
Phone _ 



Extension 



Customer Contact Person 
Customer Part Number 



(12 Characters Maximum — If Applicable) 



MC68HC05B6 MCU ORDERING FORM 



Temperature Range: 

□ 0° to 70°C (Standard) 

□ -40° to 85°C (Extended) 

□ -40° to 125° (Automotive) 



Special Electrical Provisions: 



Pattern Media: 

□ MC68HC805B6 

□ MCM68764 EPROM 

□ Other 



Watchdog Timer Enable 

□ Watchdog Timer Automatically Enabled 

□ Watchdog Timer Enabled by Software 

□ Watchdog Timer During WAIT 

□ Watchdog Timer Active during WAIT 

□ Watchdog Timer Suspended during WAIT 

Poweron Reset Delay 

□ 16 t cyc 

□ 4064 t cyc 



(Customer specifications required. 



□ MS-DOS Disk File 

□ MCM68766 EPROM 



□ PC-DOS Disk File 

□ 2764 EPROM 



(Requires prior factory approval.) 



Device to be tested to Motorola data sheet specifications. Cus- 

(SIGNATURE) tomer part number, if used as part of marking, is for reference 

purposes only 



(SIGNATURE) Device to be tested to customer specifications (Customer spec- 

ifications required.) 



ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 



MC68HC05C2 MCU ORDERING FORM 

Date Customer PO Number 

Customer Company 

Address 

City State Zip 

Country 



Phone Extension 



Customer Contact Person 


Ci.'Stnmpr Part Numhpr 


(12 Characters Maximum — If Applicable) 


MC68HC05C2 MCU ORDERING FORM 


Internal Oscillator Input: 

□ Crystal/Resonator 

□ Resistor 


Interrupt Trigger 

□ Edge-Sensitive 

□ Edge/Level Sensitive 


Temperature Range: 

□ 0° to 70°C 

□ -40°to85°C 

□ -40° to 105°C 

□ -40° to 125°C 




Special Electrical Provisions: 


(Customer specifications required.) 


Pattern Media: 




□ MC68HC805C4 

□ MCM68764 EPROM 

□ Other 


□ MS-DOS Disk File □ PC-DOS Disk File 

□ MCM68766 EPROM □ 2764 EPROM 

(Requires prior factory approval.) 




Device to be tested to Motorola data sheet specifications. Cus- 
tomer part number, if used as part of marking, is for reference 
purposes only 


(SIGNATURE) 


(SIGNATURE) 


Device to be tested to customer specifications (Customer spec- 
ifications required ) 



ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 



MC68HC05C3 MCU ORDERING FORM 



Date . 



Customer PO Number. 



Customer Company 

Address 

City 



State 



Zip 



Country 
Phone _ 



Extension 



Customer Contact Person 
Customer Part Number 



(12 Characters Maximum — If Applicable) 



MC68HC05C3 MCU ORDERING FORM 


Internal Oscillator Input: 


Interrupt Trigger 


□ Crystal/Resonator 


□ Edge-Sensitive 


□ Resistor 


□ Edge/Level Sensitive 


Temperature Range: 




□ 0° to 70°C 




□ -40°to85°C 




□ -40° to 105°C 




□ -40° to 125°C 




Special Electrical Provisions: 






(Customer specifications required.) 


Pattern Media: 




□ MC68HC05C3 


□ MS-DOS Disk File □ PC-DOS Disk File 


□ MCM68764 EPROM 


□ MCM68766 EPROM □ 2764 EPROM 


□ Other 


(Requires prior factory approval.) 



(SIGNATURE) 



(SIGNATURE) 



Device to be tested to Motorola data sheet specifications Cus- 
tomer part number, if used as part of marking, is for reference 
purposes only 

Device to be tested to customer specifications. (Customer spec- 
ifications required ) 



ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 



MC68HC805C4 MCU ORDERING FORM 

Date _ . Customer PO Number 

Customer Company 

Address 

City State Zip 

Country 

Phone Extension 

Customer Contact Person 

Customer Part Number 

(12 Characters Maximum — If Applicable) 

MC68HC805C4 MCU ORDERING FORM 

Internal Oscillator Input: 

□ Crystal/Resonator 

□ Resistor 



Temperature Range: 

□ 0° to 70°C (Standard) 

□ -40° to +85°C (Extended) 



Special Electrical Provisions: 

(Customer specifications required.) 



Device to be tested to Motorola data sheet specifications. Cus- 

(SIGNATURE) tomer part number, if used as part of marking, is for reference 

purposes only 



(SIGNATURE) Device to be tested to customer specifications. (Customer spec- 

ifications required.) 



ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 



MC68HCL05C8 MCU ORDERING FORM 

Date Customer PO Number 

Customer Company 

Address . . 

City State Zip 

Country 

Phone Extension 

Customer Contact Person 



Customer Part Number 

(12 Characters Maximum — If Applicable) 



MC68HCL05C8 MCU ORDERING FORM 


Internal Oscillator Input: 


Interrupt Trigger 


□ Crystal/Resonator 


□ Edge-Sensitive 


□ Resistor 


□ Edge/Level Sensitive 


Temperature Range: 




□ 0° to 70°C 




□ 25°C (Only) 




Special Electrical Provisions: 




(Customer specifications required.) 


Pattern Media: 




□ MC68HCL05C8 


□ MS-DOS Disk File □ PC-DOS Disk File 


□ MCM68764 EPROM 


□ MCM68766 EPROM □ 2764 EPROM 


n Other 




(Requires prior factory approval.) 




Device to be tested to Motorola data sheet specifications. Cus- 


(SIGNATURE) 


tomer part number, if used as part of marking, is for reference 




purposes only 


(SIGNATURE) 


Device to be tested to customer specifications. (Customer spec- 




ifications required.) 



ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 



Date 



MC68HC05L6 MCU ORDERING FORM 

Customer PO Number 



Customer Company 

Address 

City State Zip 

Country . 

Phone Extension 

Customer Contact Person 



Customer Part Number 

(12 Characters Maximum — If Applicable) 



M68HC05L6 MCU ORDERING FORM 


Internal Oscillator Input: 

□ Crystal/Resonator 

□ Resistor 


Interrupt Trigger 

□ Edge-Sensitive 

□ Edge/Level Sensitive 


Temperature Range: 
□ 0° to 70°C 


Tone Generator 

□ A Crystal Frequency (1024.4) 

□ B Crystal Frequency (512.4) 

□ C Crystal Frequency (256.4) 

□ D Crystal Frequency (64.4) 


Special Electrical Provisions: 


(Customer specifications required.) 


Pattern Media: 




□ MS-DOS Disk File 

□ MCM68766 EPROM 

□ Other 


□ PC-DOS Disk File 
(Requires prior factory approval.) 




Device to be tested to Motorola data sheet specifications. Cus- 
tomer part number, if used as part of marking, is for reference 
purposes only. 


(SIGNATURE) 


(SIGNATURE) 


Device to be tested to customer specifications. (Customer spec- 
ifications required.) 



ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 



MC68HC05P1 MCU ORDERING FORM 

Date Customer PO Number 

Customer Company . . 

Address 

City State Zip 

Country 

Phone Extension 

Customer Contact Person 



Customer Part Number 

(12 Characters Maximum — If Applicable) 



MC68HC05P1 MCU ORDERING FORM 


Internal Oscillator Input: 

□ Crystal/Resonator 

□ Resistor 


Interrupt Trigger 

□ Edge-Sensitive 

□ Edge/Level Sensitive 


Temperature Range: 
□ 0° to 70°C (Standard) 




Special Electrical Provisions: 


(Customer specifications required.) 


Pattern Media: 




□ MC68HC805C4 

□ MCM68764 EPROM 

□ Other 


□ MS-DOS Disk File □ PC-DOS Disk File 

□ MCM68766 EPROM □ 2764 EPROM 

(Requires prior factory approval.) 




Device to be tested to Motorola data sheet specifications. Cus- 
tomer part number, if used as part of marking, is for reference 
purposes only. 


(SIGNATURE) 


(SIGNATURE) 


Device to be tested to customer specifications. (Customer spec- 



ifications required ) 



ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 



Date. 



MC68HC05C4 MCU ORDERING FORM 

Customer PO Number 



Customer Company 
Address 



City 



State 



Zip 



Country 
Phone _ 



Extension 



Customer Contact Person 
Customer Part Number 



(12 Characters Maximum— If Applicable) 



MC68HC05C4 MCU ORDERING FORM 



Internal Oscillator Input: Interrupt Trigger 

□ Crystal/Resonator □ Edge-Sensitive 

□ Resistor □ Edge/Level Sensitive 



Temperature Range: 

□ 0° to 70°C (Standard) 

□ -40° to 85T (Extended) 

□ -40° to 125° (Automotive 



Special Electrical Provisions: 



(Customer specifications required.) 



Pattern Media: 

□ MC68HC05C4 

□ MCM68764 EPROM 

□ Other 



□ MS-DOS Disk File 

□ MCM68766 EPROM 



□ PC-DOS Disk File 

□ 2764 EPROM 



(Requires prior factory approval.) 



(SIGNATURE) 



(SIGNATURE) 



Device to be tested to Motorola data sheet specifications. Cus- 
tomer part number, if used as part of marking, is for reference 
purposes only. 

Device to be tested to customer specifications. (Customer spec- 
ifications required.) 



ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 



Date . 



MC68HC05C8 MCU ORDERING FORM 

Customer PO Number 



Customer Company 
Address 



City 



State 



Zip 



Country 



Phone 



Extension 



Customer Contact Person 
Customer Part Number 



(12 Characters Maximum— If Applicable) 



MC68HC05C8 MCU ORDERING FORM 



Internal Oscillator Input: 

□ Crystal/Resonator 

□ Resistor 

Temperature Range: 

□ 0° to 70°C 

□ -40°to85°C 

□ -40° to 105°C 

□ -40° to 125°C 



Special Electrical Provisions: 



Pattern Media: 

□ MC68HC05C8 

□ MCM68764 EPROM 

□ Other 



Interrupt Trigger 

□ Edge-Sensitive 

□ Edge/Level Sensitive 



(Customer specifications required.) 



□ MS-DOS Disk File 

□ MCM68766 EPROM 



□ PC-DOS Disk File 

□ 2764 EPROM 



(Requires prior factory approval.) 



(SIGNATURE) 



(SIGNATURE) 



Device to be tested to Motorola data sheet specifications Cus- 
tomer part number, if used as part of mark.ng, is for reference 
purposes only 

Device to be tested to customer specifications. (Customer spec- 
ifications required.) 



ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 



Date . 



MC68HSC05C4 MCU ORDERING FORM 

Customer PO Number 



Customer Company 
Address 



City 



State 



Zip 



Country 



Phone 



Extension 



Customer Contact Person 
Customer Part Number 



(12 Characters Maximum — If Applicable) 



MC68HSC05C4 MCU ORDERING FORM 



Internal Oscillator Input: Interrupt Trigger 

□ Crystal/Resonator □ Edge-Sensitive 

□ Resistor □ Edge/Level Sensitive 



Temperature Range: 
□ 0° to 70°C (Standard) 



Special Electrical Provisions: 



Pattern Media: 

□ MCM68764 EPROM 

□ MS-DOS Disk File 

□ Other 



(Customer specifications required. 



□ MCM68766 EPROM 

□ PC-DOS Disk File 



□ 2764 EPROM 



(Requires prior factory approval.) 



(SIGNATURE) 



(SIGNATURE) 



Device to be tested to Motorola data sheet specifications Cus- 
tomer part number, if used as part of marking, is for reference 
purposes only. 

Device to be tested to customer specifications. (Customer spec- 
ifications required.) 



ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 



I 

I 

I 

I 

I 

I 

i 

I 

I 

I 

I 

i 

i 




Date . 



MC68HSC05C8 MCU ORDERING FORM 

Customer PO Number 



Customer Company 



Address 



City 



State 



Zip 



Country 



Phone 



Extension 



Customer Contact Person 
Customer Part Number 



(12 Characters Maximum — If Applicable) 



MC68HSC05C8 MCU ORDERING FORM 



Internal Oscillator Input: 

□ Crystal/Resonator 

□ Resistor 



Temperature Range: 
□ 0° to 70°C (Standard) 



Interrupt Trigger 

□ Edge-Sensitive 

□ Edge/Level Sensitive 



Special Electrical Provisions: 

(Customer specifications required.) 



Pattern Media: 

□ MCM68764 EPROM □ MCM68766 EPROM □ 2764 EPROM 

□ MS-DOS Disk File □ PC-DOS Disk File 

□ Other 

(Requires prior factory approval.) 



Device to be tested to Motorola data sheet specifications. Cus- 

(SIGNATURE) tomer part number, if used as part of marking, is for reference 

purposes only. 



(SIGNATURE) Device to be tested to customer specifications. (Customer spec- 

ifications required.) 



ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 



Date . 



MC68HC705C8 MCU ORDERING FORM 

Customer PO Number 



Customer Company 
Address 



City 



State 



Zip 



Country 
Phone _ 



Extension 



Customer Contact Person 
Customer Part Number 



(12 Characters Maximum— If Applicable) 



Internal Oscillator Input: 

□ Crystal/Resonator 

□ Resistor 

Temperature Range: 

□ 0° to 70°C (Standard) 

□ -40° to 85°C 



Special Electrical Provisions: 

(Customer specifications required.) 



Device to be tested to Motorola data sheet specifications. Cus- 

(SIGNATURE) tomer part number, if used as part of marking, is for reference 

purposes only. 



(SIGNATURE) Device to be tested to customer specifications. (Customer spec- 

ifications required.) 



ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 



MC68HCL05C4 MCU ORDERING FORM 

Date Customer PO Number 

Customer Company 

Address 

City State Zip 

Country 

Phone Extension 

Customer Contact Person 



Customer Part Number 

(12 Characters Maximum — If Applicable) 



Internal Oscillator Input: 

□ Crystal/Resonator 

□ Resistor 


Interrupt Trigger: 

□ Edge-Sensitive 

□ Edge/Level Sensitive 


Temperature Range: 

□ 0° to 70°C 

□ 25°C Only 




Special Electrical Provisions: 


(Customer specifications required.) 


Pattern Media: 

□ MCM68764 EPROM □ MS-DOS Disk File □ PC-DOS Disk File 

□ MC68HC805C4 □ MCM68766 EPROM □ 2764 EPROM 

□ Other 




(Requires prior factory approval.) 




Device to be tested to Motorola data sheet specifications. Cus- 
tomer part number, if used as part of marking, is for reference 
purposes only. 


(SIGNATURE) 


(SIGNATURE) 


Device to be tested to customer specifications. (Customer spec- 



ifications required.) 



ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 



Date. 



Customer Company 
Address 



MC146805F2 ORDERING FORM 



Customer PO Number. 



City 



Country 



Phone 



State 



Zip 



Customer Contact Person 
Customer Part Number 



Extension 



(12 Characters Maximum— If Applicable) 



Internal Oscillator Input: 

□ Crystal 

□ Resistor 
(Not available 
on B54F mask) 



Clock Predivide Ratio: 

□ -4 

□ -2 



Interrupt Trigger: 

□ Edge-Sensitive 

□ Level- and Edge-Sensitive 



Temperature Range 



Pattern Media: 

□ MDOS Disk File 

□ 1468705F2 EPROM 

□ 2516 or 2716 EPROM 

□ PC-DOS Disk File 

□ MS-DOS Disk File 

□ Other 



(Requires prior factory approval) 



Device to be tested to Motorola data sheet specifications. Cus- 

(SIGNATURE) tomer part number, if used as part of marking, is for reference 

purposes only. 

Device to be tested to customer specifications. (Customer spec- 

(SIGNATURE) ifications required.) 



ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 



Date. 



MC146805G2 ORDERING FORM 

Customer PO Number 



Customer Company 



Address 



City 



State 



Zip 



Country 



Phone 



Extension 



Customer Contact Person 
Customer Part Number 



(12 Characters Maximum — If Applicable) 



Internal Oscillator Input 
□ Crystal 



TEMPERATURE 



Internal Divide 

□ -4 

□ "2 



Interrupt Trigger 

□ Edge-Sensitive Only 

□ Level-Sensitive and Edge-Sensitive 



FREQUENCY. 



Pattern Media 



□ MDOS Disk File 

□ 2532 EPROM 

□ 2716/2516(2) EPROM 

□ Other 



□ PC-DOS Disk File 

□ 2732 EPROM 



□ MS-DOS Disk File 

□ 1468705G2 EPROM 



(Requires prior factory approval.) 



Device to be tested to Motorola data sheet specifications. Cus- 

(SIGNATURE) tomer part number, if used as part of marking, is for reference 

purposes only. 



(SIGNATURE) Device to be tested to customer specifications. (Customer spec- 

ifications required.) 



ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 



Date 



MC68HC11A8 ORDERING FORM 

Customer PO Number 



Customer Company 

Address ___ 

City State Zip 

Country 

Phone Extension 

Customer Contact Person 



Customer Part Number 



(12 Characters Maximum — If Applicable) 


Temperature Range 

□ -40 to +85°C 
r~i -jntn + mR°r 

[ | 4U LU r I UJ 

□ -40 to +125°C 

Package Type 

□ 48-Pin Dual-ln-Line Plastic 

□ 52-Lead PLCC 


On-Chip Functions Used 

(Check Functions — Factory Use Only) 

HI ROM 

□ EEPROM 

□ A/D 

□ COP 

□ SPI 

□ SCI 

□ Timer 


Operating (E Clock) Frequency: 
Security Feature Enabled: 
CONFIGuration Register Contents: 


Yes No 
Hex ($) 


Device Marking: 




□ Motorola Standard 
Motorola Logo 
Motorola Part Number 
Mask and Datecode 

n Other 


□ Standard with Customer Part Number 
Motorola Logo 
Motorola Part Number 
Customer Part Number 
Mask and Datecode 




Device to be tested to Motorola data sheet specifications. Cus- 
tomer part number, if used as part of marking, is for reference 
purposes only. 


(SIGNATURE) 


(SIGNATURE) 


Device to be tested to customer specifications (Customer spec- 



locations required ) 



ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 



MC68HC11E9 ORDERING FORM 

Date Customer PO Number 

Customer Company 

Address 

City State Zip . 

Country 

Phone Extension 

Customer Contact Person 



Customer Part Number 



(12 Characters Maximum — If Applicable) 


Temperature Range 


On-Chip Functions Used 


□ -40 to +85°C 


(Check Functions — Factory Use Only) 


□ -40 to +105°C (See Note) 


□ ROM 


□ -40 to + 125°C (See Note) 


□ EEPROM 




□ A/D 


Package Type 


□ COP 


□ 52-Lead PLCC 


□ SPI 




□ SCI 




□ Timer 


Operating (E Clock) Frequency: 




Security Feature Enabled: 


Ye* Nn 


CONFIGuration Register Contents: 


Hpy K) 


(The CONFIG register will be programmed if desired; however, the NOSEC bit cannot be 


cleared on parts with security enabled.) 


Device Marking: 




□ Motorola Standard 


□ Standard with Customer Part Number 


Motorola Logo 


Motorola Logo 


Motorola Part Number 


Motorola Part Number 


Mask and Datecode 


Customer Part Number 




Mask and Datecode 


[~| Other 






Note: These high temperature ranges require EEPROM 




consideration. Please refer to EEPROM CHARAC- 




TERISTICS before submitting ROM code. 


(SIGNATURE) 
(SIGNATURE) 


Device to be tested to Motorola data sheet specifications. Cus- 
tomer part number, if used as part of marking, is for reference 
purposes only 

Device to be tested to customer specifications (Customer spec- 



ifications required.) 



ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 



MC68HC811E2 ORDERING FORM 



Date 



Customer PO Number. 



Customer Company 
Address 



City 



State 



Zip 



Country 
Phone _ 



Extension 



Customer Contact Person 



Customer Part Number 



(12 Characters Maximum — If Applicable) 



Temperature Range 

□ -40 to +85°C 

□ -40 to +105°C (See Note) 

□ -40 to +125°C (See Note) 

Package Type 

□ 52-Lead PLCC 



Operating (E Clock) Frequency: 
Security Feature Enabled: 
CONFIGuration Register Contents: 



On-Chip Functions Used 

(Check Functions — Factory Use Only) 

□ EEPROM 

□ A/D 

□ COP 

□ SPI 

□ SCI 

□ Timer 



Yes 

Hex ($). 



No. 



(The CONFIG register will be programmed if desired; however, the NOSEC bit cannot be 
cleared on parts with security enabled.) 

Device Marking: 

□ Motorola Standard 
Motorola Logo 
Motorola Part Number 
Mask and Datecode 



□ Other. 



□ Standard with Customer Part Number 
Motorola Logo 
Motorola Part Number 
Customer Part Number 
Mask and Datecode 

Note: These high temperature ranges require EEPROM 
consideration. Please refer to EEPROM CHARAC- 
TERISTICS before submitting ROM code. 



(SIGNATURE) 



(SIGNATURE) 



Device to be tested to Motorola data sheet specifications. Cus- 
tomer part number, if used as part of marking, is for reference 
purposes only 

Device to be tested to customer specifications (Customer spec- 
ifications required.) 



ONLY ONE SIGNATURE IS REQUIRED TO PROCESS THIS ORDERING FORM. 
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